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FOREWORD

This report is based on the first year of research supported by the
Division of Science Information of the National Science Foundation. It
provides an analytical summary of data on scientific and technical
information (STI), beginning with the generation of STI through its use. We
expect to continue efforts to refine, expand, and improve measures of
scientific and technical communication, Therefore, your suggestions and
comments on this report will be appreciated.

4
Details underlying data included in this report are available in Volume 11
of this series, currently available from NTIS.!

Lee G. Burchinal

Director

Division of Science Information
National Scien .¢ Foundation

—_—

U Statistiweal Indcators of Serentthie and ‘Technical Commuzication (1960-1980), Vaiume [1: A
search Heport, Mayv 1976, King Research, Inc., PB 254 060, $12.75 for paper copy; §2.25 for
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PREFACE

The Natianal Science Foundation, Division
of Science Information, places major impor-
tance on supplyving data and statistical in-
dicators that car He used for planning and
policy  purposes. Thus, NSF requested
proposals for developing statistical indicators
in the scientific and technical :nformation
(STI) field. The justification for developing
these indicators is quoted from the Request for
Proposal E-77 as {ollows:

Numernus studies have fecused on
the transfer of research results from
originators to users. But most of these
investigations have been limited to
one phase of information transfer or
to one fietd ol scienceortoone poiciin
time. The need for a comprehensive
and eontinuing information base for
policy and planning is by no means
new. hut it becomes even mare urgent
as  the volume of scientific and
technical information rises beyond
the reach of manual processing, while
automation on a massive scale ap-
proaches the point  of economic
feasibility. In order to monitor and
assess  these developments, a
statistical  svstem  for aathering,
organizing, and analyzing data rele-
vant to all aspects of scientific and
technical communication is indispen-
sable. The objective of this project is
to develop and initiate a svstem of
statistical indicators of scientific and
tehnical communication. Each in-
dizator, as a time series, will trace oul
some aspect of the production of new
scientific and technical information.
of the transfer of that information to
users, or of the resources needed to
preserve it for future use and to
retrieve il when needed. The in-
dicators are intended for analysisand
interpretation by plovners  and
policyimakers in Government and in
the private sector and as data in
modeling  and  simulation  studies.
Taken together thev can be used to
describe  trends,  anticipate  new
developments, and cuide the evolu-

information
and more

tion of the Nation's
resources toward betler
economical service.

In order to develop a system of statistical
indicators, it was necessary to study hundreds
of secondary data sources and, from these
sources, derive a small number of indicators
that portray the direction of scientific and
technical (S&T) communication over the past
and into the future. [tis anticipated that these
indicators  will be useful to information
science administrators and policymakers as
well as others engaged in the management of
STIL

Since the range of available datais so broad
and since the data are interwoven into a small
number of indicators iniverse ways, we have
chosen to present results of our investigalion

three dislinet volumes.,

“is, the first volume, is a presentation of
the Statistical Indicators of Scientific and
Iochnical Gommunication  (1960-198¢
This volume includes a description of tu,
major indicators and their significance to
the field of communication of STI. These
indicators are addressed to information
managers, administrators and
policymakers.

¢ The second volume is titled Statistical
Indicators of Scientific and Technical
Communication {1960-1880): A Research
Report. and concerns the analysis of data
leading to the system of stalistical in-
dicators. It includes a description of the
framework leading to the system of
statistical indicators. The second volume
will be of interest to those engaged in
research involving communication of
STL It will also serve these who are
interested in the details of how the systlem
ol statistical indicalors was derived.

¢ The third volume is a data appendix to
Volume 11, It contains the “raw” data
which we collected in the course of the
stuely. It is hoped that this volume will be
of use as a data reference tool to those
engaged in detailed research in com-
munication of 8T

v



One of the constraints of the study was that
all data be of a secondary nature. (that is,
information obtained from existing and
available data sources). Thus, we attempted
anexhaustive analysis of secondary sources of
data, and their weaknesses and strengths, in
building a system of statistical indicators. A
second constraint of the study was that the
number of statistical indicators be not less
than five nor more than twenty.

The study, designed by King Research, Inc.,
Center for Quantitative Sciences, included
five major tasks—a background study,
development of a framework for the in-
dicators, data collection, development of the
system of statistical indicators and reporting.

Ms. Helene Ebenfield, the project monitor,
has been most helpiul and supportive
throughout the entire project. In addition to

vi
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the identified authors. other professional staff
members of the Centér for Quantitative
Sciences who were heavily involved in the
study were Katherine McEvoy, Alice New-
man, Colleen Schell, Charles Schueller, and
Mary Yates. Mr. F. W. Lancaster, a consultant
on the project was of particular help in the
preparation of the research report (Volumell).
Other consultants on the project were Francois
Kertesz, Klaus Otten, William Creager and
Betti Goldwasser. We also received substan-
tial help from a large number of voluntary
reviewers and organizations. Mr. Robert
Cotten assisted in editing this volume and
Volume II

Donald W. King
Principal Investigator
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BACKGROUND

Communication of scientific and technical
information {ST1) is clearly ‘one of the most
important aspects of scientific research, for it
is this process that leads to its widespread use
and ultimate henefits. Communication, how-
ever, has become increasingly difficult and
complex as the number of persons engaged in
science and technology [S&T) multiplies, as
the breadth and depth of scientific knowledge
grows correspondingly and as the need for
multidisciplinary scientific research becomes
more prevalent in such critical areas as cancer
and energy research. Scientific and technical
communication currently consists of num-
erous formal and informal media ranging from
books to unrecorded word of mouth. These
media are transferred from author to user
through a myriad of channels utilizing hun-
dreds  of processes. The difficulties en-
countered in S&T communication are further
aggrevated by increased costs of the com-
munication procssses coupled with decreased
resources available for performing the com-
munication functions. Also adding some con-
fusion to the state of S&'T communicationare a
number of recent and potential technological
innovations that may be applied to the various
steps of the commmunication process if they are
demonstrated to be technologically sound and
economically feagible. Thus. 8&T communica-
tion could go in any one of several dramatic
new directions in the future.

Unfortunately, to date there is no cohesive
set of data that measures the extent of
communication by the various media or by the
channels used to transfer STI. Furthermore,
there are no data indicating the amount of
labor resources and funds expended in com-
municating S&T information, Because of alack
of such fundamental information concerning
communication processes, it is extremely
difficult to know what directions to pursue
concerning information research and
technology or to speculate as to which in-

Chapter 1
Introduction

novations or technologies hold the most
promise in solving the complex problems that
must be faced in the future

In order to gain some understanding of what
has happened and o anticipate what is likely
to oceur in the future, a system of statistical
indicators of S&T communication was needed.
This led to the primary objective of the
rescarch of this monograph which was to
develop such a system of statistical indicators
based on available secondary sources of data.
Since data were largely limited to secondary
sources and several gaps in data were filled by
extending data on the basis of assumptions,
there are some weaknesses in the system of
indicators. These weaknesses and assump-
tions are discussed in detail, along with
methods of data sollection and analysis in
Volume II: A Research Report.

It is emphasized that we chose to provide as
complete and comprehensive picture of the
S&T communication in the United States as
possible without making assumptions that do
not have some reasonable basis. Ifone believes
the assumplions used to beinvalid. data based
on other assumptions ¢an be incorporatedinto
the indicator models to determine their impact
on conclusions that are drawn from the system
of indicators. Finally, if secondary sources or
assumptions are sufficiently weak, the collec-
tion of new. more accurate and precise data
may be warranted. Thus, this statistica!
indicators report will also serve a useful
purpose in determining future data re-
quirements,

Data collection in this study involved a large
number of secondary sources. Among these,
various National Science Foundation, Bureau
of Census. and Bureau of Labor Statistics
publications provided information on scien-
tific manpower and research and development
{R&D) funding patterns. and survey results
from the Library Surveys Branch of the
National Center for Educational Statistics
were used in discussions of libraries. Both
Statistical Abstracts of the United States]3]

8 3
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and the Bowher Annual of Library and Book
Trade  Wformation]Z)  ave heavily  cited
throughout the study.,

In the important area of journal publishing,
a valuable source was the SATCOM report]5)
prepared by the Task Group on the Economics
of Primary Publication of the Commitlee on
Scientific wml Pechnical Communication of
the National Academy of Sciences and the
National Academy of ngmeering, This repor!
presented results of o study, prepared by
Conyers Herring, that carefully analvzed a
number of cconomic factors of  journal
publishing such as cosls, price, circulatien,
and sources ol revenue.

Additional data on journals came from a
study  sponsored by the National Science
Foundation, Division of Science Information.
This studv[4], recently completed by the
Indiana University under the direction of
Bernard M. Fry, obtained economic data from
journal publishers and librarvies for three vears
over a five vear period {1969, 1971, 1973). Our
results use some of these data, as well as dalta
fromother sources, to extend the analvsis back
to 1960 and to forecast some statistisal
indicators  of  the economics of journal
publishing forward to 1980. A second study
sponsored by NSF is currently anderway at
New York University under the Jirection of
Dr. Fritz Machlup.[6] This study will provide
accurate and up-to-date data oa publishers,
for a 10-vear periad, including costs, price and
cireufation. We expect that sone of our data
will be superseded by these data since their
data gathering procedures {data collection
with personalinterview by graduate students)
are superior to procedures used by others in
the past.

Another data source was a special study of
journal publishing conducted to fill a major
gap in the available secondary data sources,
This study was subdivided into three distinet
parts. The first part involved a sample of 191
scholarly S&T journals. These journals were
visually examinea back to 1962 to obtain
information about their physical
characieristics such as number of issues per
vear, sumber of articles per issue, number of
pages per article, number of characters per
page, number of special graphics, and number
of citations. The second part involved a survey
ol authors of journdal artictes to determine
information abouat their articles such as page
charqes, reprints distributed and number of
manuscript revisions. Information was also

9

obtained about journal articles that were cited
by the awhors such as how the authors
ideniified their cited articles and how they
gained physical access to them. The third part
of the study involved a thorough review of
secondary sources of data such as other
stadies, and  available  publisher records,
Inttial plans ciled for a small publisher
survey, but it was decided that this survey
would bhe duplicative of Machlup's research
previously referenced. The journal tracking
study nrovided information over the 1962 to
1974 period on the prices charged to various
subscribers, There is a dearth of information
on publishing costs over this period of time.
Therefore, a cost model developed inan earlier
NSF study[1] was applied to estimate costs of
typical journals.

To the extent possible, all data collection
was conducted in terms of fields of science
used Ly the National Science Foundation and
by the Office of Management and Budget.
These nine fields ere:

1. Physical  Sciences {Astronomly,
Chemistry, Physics, Dhysical Sciences)

2. Mathematics (and Stalistics)

3. Computer Seiences and Engineering

4. Environmental Sciences [Atmospheric
Sciences, Geological Sciences)

5 Engineering  [Aeronautical, Astro-
nautical, Chemical, Civil)

6. Life  Sciences  (Biological,  Clinical

Medical, Other Medical, Life Sciences)

7. Psyehology (Biological Aspects, Social
Aspects, Psychological Sciences)

8. Social Sciences [Anthropology,
Economics, Flistery, Linguistics, Political
Science, Sociology, Law, Social Sciences)

9. Other sciences {Science and Technology
Assessment,  Science  Policy,  Other
Sciences)

The overall framework used for analysis is
briefly discussed below.

"The above Tields of science are from "NSF Fields of
Sceinee Detined,” User Notes, o, 16 (October 220 1974).
The field of Computer Seiences and Engineering was
derived from the field of Mathematies as listea in Civeular
Naoo A-46, Transmittal Memorandum Noo 11 (May 13,
1970) from the Bureau of the Budget (now Oltice of
Management and Budget).



O

ERIC

Aruitoxt provided by Eic:

Inorder to gain some nuderstanding of what
has Bappened and anticipate what is tikely to
oceur in the futore of S&T communication, a
system of statisticalindicators was needed,
The indicators developed as a part of this
study are based ona framework ora schemaltie
model ol communication of S&T which is
depicted in Figure 1. This diagram represents
an information  transfer spiral hased on
published documents, although some of the
functions described in it are applicable to
othe rms of communication as well. The
spit. acludes ten functions that are essential
to complete the transfer of information. These
functions were chosen because they appeared
to- be unique in their representation ol the

Figure 1
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As a result of scientific research projects,
manuscripts  (books, articles, reports) are
composed (2). The composition function refers
to formal writing, editing and reviewing of the
manuscripts. When a manuscript is in a form
to be communicated it iz considered to bhe
Recorded (3). These two functions are the role
of authors, publishers and other scientists
when editing and review are performed. At
this stage, in isolation, authors havevery little
impact on the scientific cormmnunity by means
of Tormal communication. It is not until the
work has been reproduced and distributed
that it has the potential for widespread
influence on an audience beyond the author's
circle of colleagues and fellow specialists.

The Reproduction (4) and Distribution (5)
fucctions are usually the role of the publisher
of scientific materials. However, as
derronstiated later, the authors, libraries and
collcigues also play an important role in
reprocuction and distribution. Transfer ot
documents through the latter three par-
ticipants may be thought of as indirect
reproduction and distrihution which cannot
take place without Acquisition und Storage
(6). Although many individuals may acquire
S&T hooks, articles or reports, aad may stoie
them, at least for a while, this stage of the
spiral is represented hy acquisition and
storage by libraries and other infornation
centers. Through their acquisition an storage
policies, libraries provide a permanent
archieve of scientific achievement. They also
provide a guaranteed source of access to this
record.

Libraries also have an iinportant role to play
in Organization and Control (7) functions. In
addition to collecting publications, libraries
. nd other information centers provide access
to these documents through cataloning,
classification, indexing and other related
procedures, The major indexing and abstrac.-
ting services and bibliographic services play
an important role in organization and control
as well. Needed publications may be Identified
and Located (8) by a number of processes
including reference to one's o*vn subscription,
tibrary search and, recently. computerized
search and retrieval systems. This functionis
usually accomplished by the user or an
intermediary from a library or other informa-
tion service. The Physical Access (9) function
may include direct distribution of S&T articles
from publishers to users as well as indirect
distribution through tibraries ard other infor-

11

mation centers. The final functionin the spiral,
that of Assimilation by User (10), is the ieas!
tangible, The assimilation functionis the stage
at  which information (a8 opposed o
documents) is transferved, It is at this stage
that the state of the user's knowledge s
altered.  The  functional  framework s
presented as a spiral because the communica-
tion process is continuous and regeneralive.
Through assimilatirn a reader may  gain
information that can be used inhis researchin
such phases as conceptualization, design,
research, analysis, and composition. This
research may, in turn, generate new composi-
tion and recording, and so the process con-
tinues.

Each of the ten functions was carefully
examined in this study concerning trends in
number of items of literature pracessed such
as books., journals, reports and so on: cost of
processing the items; price ef the literature;
methods of pracessing and so on. Particular
attention was paid to identifying all of the
costs associated with cach function. These
costs smaetimes were clear-cut such as in
printing. However, an attempt was also made
ta estivoie hidden costs such as in writing,
reviewing and reading S&T literature. It is
Lere that some broad assumptions were
necessary to achieve a comprehensive picture
of S&T communication.

STATISTICAL INDICATORS

Important indicators of S&T comimunication
are those that correla. e the growth of literature
and its vse to other evidence of scientific
expansica in the U.S. such as number of
scientists and engineers. that compare thecosl
of communication with general econamic
trends in the U.S. such as those illustrated by
the Gross National Product (GNP}, and that
provide insight as to the strengths and
weaknesses of various forms of Hiterature and
their communication functions. In this study
general indicators are given for the growth
over recent vears of specific forms of literature
including S&T books, journals, government
sponsored reports as well as published disser-
tations, conference proceedings, and .S
patents. The general economic autlook of each
form of literatureis also investigated. Further-
maore, each function performed in communica-
tion of the various formsis studied in isolation
to identify any aberation in trends that might
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sugges!t a new strength o passible weakness
tn the form of hterature or its functions.

Some  backyground is given here for the
stotistical indicators with examples given for
S&T books and schotarly journals since these
forms of literatare are traditionally so impor-
tant Lo science and technology ind since data
are complete for them over the years 1960
through 1970 The other titeratore forms are
discussed in detail along with hooks and
jonrnals in the sections that follow, alonge with
figures to aceompany the disenssion.

Growth of the simount of scientific literoture
inits various torms provides a genesal picture
of the overall health of S&T communication as
well as the relative strength of each of the
forms. One indicator of this growth is the total
number of hterature items written hy scien-
tists and engineers. Generally, all forms ol
literature have experienced steady growth in
number ol items written front 1960 to 1974 andd
shoulit continue this growth throngh 1980.
Scientific and technical books have exhibited
the greatest rise from 3,379 titles in 1960 to
14,442 in 1974 (327 percent increase) and
scholarly journal articles have increased from
106,000 in 1960 to 151,000 in 1974 (42 percent
increase),

This growth is refated to overall increase of
science in the ULS. The questionisywwhether the
trend is for scientists to write more or fewer
hooks and articles which is indicative of the
strength of these forms of literature. The
number of scientists per S&T book published
has dropped dramatically from 343 in 1960 to
137 in 1974 By contrast the individual
productiveness of scienlists in writing journal
articles has remained stable, but slightly
decreasing over the vears. The number of
scientists per article written has ircreased
from 10.9 in 1960 to 13.1in 1974,

The number of S&T Hiterature items written
preseats only a partial picture of the overall
health of S&T communication. Anothkerimpor-
tant e ement of this picture is the number of
copies actualty purchased since this reflects
interes tand usefulness of these materials The
user lemand for literature results  from
perceied quality of the lterature and the
price paid for the information. Thus, demand
is an imporiant indicator of the importance of
the literiture. The total nuimber of copies
published and the number of copies published
per scientist show a substantially different
picture regarding the books and journals than
did the number of items written. The average

12

number of journal subscriptions increased
steadily from 3,400 domestie subseribers per
journal in 1960 1o 6,000 subscribers in 1974 (54
prereent increase; The noamber ol journal
subscriptions (o individuals) per seientist has
mereaseld slightly over the vears from o
subscriphons ver scientist in 60 o 3.6
subscriptions e 1974, When istitutional
subscriptions are considered, the number b
remained relatively constiant uver the viars
hetween o and 7 subscriptions per scientist,
Scientilic and technical books, on the other
hand, experienced o substantial decrease in
nunber of copies sold per book over the years
from 2,400 copies per book saldin 1960 to less
than 800 copies in 1974, There was a par-
teularly Farge deop in the varly 19605 with the
trend continning steadily downward after that
time. The number of copies of hooks sold per
seientist has remained between about 6 and 8
in the past but may decline in the future. The
flat trend of eopies sold per seientist of the two
forms of Hiterature suggest that there is a
saturation point of the number of copies that
scientists will purchase {or have purchased for
them).

The average number of copies of S&T
literature purchased serves as an indicator of
scientific interest and usefulness. However,
user demand is also dependent on the price of
the literature. Price is an important indicator
of S&T communication since it partiatly
determines demand and it reflects cost and
general economic stability, In current dollars,
average journal subscription prices increased
from $5.30 in 1960 to $20.10 in 1974 {280
percent increase). Books increased from $8.50
to S18.40 {116 percent increase). In constant
dollars, the increese over this period of time
wias 131 percent and 28 percent for journal
subseriptions to individual and institutional
subscribers respectively. Books increasad 31
pereent in constant dollars during this time
span,

Between the time S&T' literature is dis-
tributed and the time it is used, substantial
processing may be performed by libraries and
secondary services, These institutions are
responsible for the acquisition; storage; organ-
ization and control: and identification of the
literature in order to provide efficientimtetiec-
tnal and physical access to il

Academic library holdings experienced a 90
percent growth between 1964 and 1974, It is
estimated that the number of new volumes
avaitable per scientist (inchuding graduate
students) has grown from 120 volumes in 1964

r~
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to 146 in 1974, an increase of 22 percent.
Compared with a growth of 63 percent in
books published and 19 percent in journals
published over the same period, it appears that
scientists’ ac “ess to the literature by means of
libraries is decreasing, were it not for the
counter bhalancing trend of increased use of
library networks. Academic library holdings
increased from 189 million in 1960 to 455
miilion in 1974 (141 percent increase).

The total number of items processed by U.S.
members and affiliates of the National Foun-
dation of Abstracting and Indexing Services
increased 145 percent between 1960 and 1974
and is projected to increase an additional 33
percent by 1980, reflecting both increased
literature production and increased coverage.

Very little information is available on
- assimilation and use of information over time.
Citation data provide some indication of
quality, extent of use and relative use of the
journal literature among scientific fields and
international exchange. However, trends have
not been observed over time so thatresults are
not given here.

Total resource expenditures is one of the
most important indicators of S&T communica-
tion. Scientific and technical comm::nication
resource expenditures have risen faster than
the GNP and R&D funding. From 1960 to 1974
the GNP has grown 177 percent, R&D funding
has increased 136 percent and S&T com-
munication resource expenditures have in-
creased substantially by an estimated 323
percent. Total communicationresource expen-
ditures were estimated to be $2.0 billion in
1960 and $8.5 billion in 1974.

The principal reasons that S&T communica-
tion resource expenditures have grown a
disproportionate amount during this time is
that the amount of literature written and
distributed has increased substantially and
the unit cost of communication has generally
risen faster than inflation. These facts are
clearly borne out by statistical indicators
presented in the sections that follow. The
growth of communication has closely paralied
the increase in number of scientists. However,
the growth in resource expenditures is due to
other factors as well. The S&T communication
resource expenditure in constant dollars per
scientist has increased from about $2000 in

1960 to $3000in 1974 and is expected toremain .

about the same until 1980. This 50 percent
increase over time is attributable to a large
increase in scientists’ salaries and other costs

13

of producing and processing S&T literature. A
substantial proportion of the resource expen-
ditures is due to scientists’ time devoted to
writing, editing, reviewing, searching, and
reading the S&T literature. Their salaries have
increased at a rate greater than inflation, with
their median salaries in constant dollars
increasing from $10,700 in 1960 to $13,300 in
1974. In addition, costs of reproducing and
processing S&T literature have also increased
at arate faster than infla'. ~. This is partially
due to the fact that sai. s related to such
things as publishing, printing, abstracting and
indexing, and libraries have all increased at a
rate greater than inflation. Another portion of
the remaining contributions toexpenditures is
due to the increased number of S&T books and
reports produced per scientist. These in-
dicators are presented in the third section. It is
pointed out that some technological advances
such as computerized photocomposition have
eased the cost squeeze to sorxe degree. In the
future, it is anticipated that computerized
searching, microform publishing, library
networking and other innovations are also
likely to have some positive impact on tie
economics of S&T communication.

The costs attributed to S&T journals rose
from $1.3 billion in 1960 to $5.6 billion in 1974
(330 percent increase) while the costs
associated with S&T books increased from
$600 million to $2.1 billion during this time
(over 250 percentincrease). Reports and other
forms of literature accounted for the
remainder of the expenditures. Most of the
costs are contriburted by scientists’ labor in
writing and using S&T literature. The writing
(composition and recording) was $300 million
in 1960 and increased to $1.8 billion in 1974
(nearly 500 percent increase). These costs are
based on estimates of the average amount of
time spent on such activities as writing,
editing, reviewing, and typing manuscripts.
The total costs are found by multiplying the
labor costs by the number of manuscripts
written and published. Thus, growth in costs
reflect both increases in salaries as well as
number of items. Similarly, costs for assimila-
tion rose from $1.0 billion in 1960 to $3.6
billion in 1974 (260 percent increase).
Reproduction and distribution costs rose from
$150 million in 1960 to $930millionin 1974, an
increase of 520 percent. Acquisition and
storage costs increased from $37 million in
1960 to $180 million in 1974, reflecting a
growth of 39¢ percent. The increase for
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organization and control costs was similar at
370 percent, ranging from $58 million in 196C
to $270 million in 1974. Costs associated with
identification and access rose from $400
million in 1960 to $1.7 billion in 1974, an
increase of 320 percent.

The second chapter discusses the resource
expenditures in detail with the total dis-
tributed by participants (scientist, publisher,
library and user), form of literature (journals,
books, reports and other forms). and com-

munication function. Chapter 3 gives detailed
data for the growth of the various forms of
literaiure. The next chapter deals with trends
observed in libraries and secondary products
and services. The final chapter provides
information and wrends concerning the use of
S&T information. Particular attention is given
in the last chapter to trends in citalion useand
how users identify and gain physical access to
journal articles. Most of the trends are
depicted in graphic form. All data in the
figures are also given in the Appendix!.

“Table numbers correspond to the figure nuinbers for
convenience. For the figures with no numbers plotted
there will he no corresponding tables,

9
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Chapter 2

Growth of Scientific and Technical
Communication Resource Expenditures

Total resource expenditures is one of the
most important indicators of scientific and
technical (S&T) communication. An attempt
has been made in deriving statistical in-
dicators' to identify and analyze all the
components of resource expenditures of S&T
communication.

The term “resource expenditure” is used
because the total expenditure is expressed in
termis of both fumis as well as manpower. It
will bhe shown that the funds expended in
communication of scientific and technical
information (STI) are increasing rapidly, at a
pace reater than both the Nation's Gross
National Product (GNP) and also the funds
expended  for research and  de 0 smen
(R&D). This growth is highly corr . with
increases in scientific manpower, a.... com-
munication activities should continue to grow
as the scientific manpower expands. In thig
chupter  the total  S&T  communication
resources expended are subdivided by mode of
communication (hooks, journals, reports, and
so on}, and by principal participants (scien-
tists as authors, publishers. libraries, and
secondary services, and scienlists as users).
Thus, the various communication modes and
principal participants can be compared as to
their relative: contribution to total resources
expended,

HIGHLIGHTS

¢ The total resources expended in S&T
communication in the .S, are estimated
al $9.4 billion in 1975, This fioure
includes the costs incurred by authors.
publishers, libraries and secondary serv-
ices, und users in the production and use

CThesedataam e presented with some caveats which are

thatassed here and, more thoronghiy, in the compan’on
docoment: Volume 110 A Research Report,

~

<

of S&'T hooks, journals, reports, and other
publications.

The total resources expended in S&T
communication are growing at a fester
rate than the GNP. The GNP has gruwn
177 percent from 1960 o 1974, whereas
total resources expended have increased
from $2.0 to $8.5 billion, 0~ 320 percent.
The future trend in communication
resource expenditures. however, appears
to reverse and may begin downward.

The growth of resource expenditures of
S&T communication is  particularly
pronounced when compared to R&D
funding levels. The ratio of S&T con.
munication resource expenditures to R&D
funding tevels was 0.149 in 1960 and has
swelled to 0.266 in 1974, Il this trend
continues, the proportion  of STI
resources allocated from R&D funding
will comnplete more and more heavily with
other R&D activities. R&D funding levels
are expected toincrease in the near future
so that these pressures may not be too
critical. hul bear observing,

The number of scientists and engineers
increased at an average annual rate of 3.8
percent from 1960 to 1975 and is expected
to begin levelling off to an average annual
rate of increase of 2.7 percent. This should
mean that the amount of STI services and
aroducts will also level off accordingly
since there will be relatively fewer
producers and users of them. Perhaps.
more importantly, since the demand for
scientists in the labor market has gone
down, their salaries havealso levelled off,
This trend could result inrefatively lower
S&T communication  resource  expen-
ditures,
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e Scientilic and technical communication
resource expenditures in constant dollars
per scientist have increased from about
$2000 in 1960 to $3000 in 1974 and are
expected to remain about the same until
T1980).

e Scientific and technical journals, when
scientists” time is taken into account,
made the greatest contribution to total
S&T communication resource expen-
ditures at about 63 percent of the total,
Books added another 28 percent in 1960
{25 percent in 1974). About 60-70 percent
of the total expenditures is attributable to
individual scientisls in writing, editing,
reviewing, and reading S&T literature.
Libraries and secondary services con-
tribute about one-fourth «f the total and
publishers add less than ten percent to the
total costs. Since such alarge expenditure
comes from scienlists and their efforts,
perhaps more careful efforts should be
made to evaluate and support their S&T
communication activities.

DISCUSSION

The total resources expended on S&T
communication are computed by summing all
resources and costs associated with preparing,
publishing, distributing and using the range of
S&T literature. This encompasses the efforts
of all participants in the system, including
scientists  as  both authors  and  users,
publishers, libraries and secondary services,
The total communication resource expen-
ditures shown in Figure 2 have increased
rapidly in both current and constant dollars
since 1960. Current dollar expenditures have
increased from a figure just over $2 billion to
$9.4 billion in 1975. In constant dollars, the
average rate of increase between 1960 and
1975 was 6.6 percent; and continued annual
increases over 3 percent are forecast through
1980.

The resources expended in the communica-
tion of STI are considerable. They are,
however, only a portion of the total resources
expended by the entire U.S. information
sector. Porat[8], based on previous work of
Machlup[6}], for example, defines information
activity to represent a primary sector of the
economy, which is made up of industries
which sellinformation goods and services, and
two planning sectors, private and public.

14 17

Fiéure 2
Total S&T communication resaurce
expenditures (1960-1980)
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According to Porat, activities of these three
components of the information economy in
1967 together accounted for over $360 billion
or over 45 percent of the GNP. The primary
infornation sector alone represented over
$160 billion in information value added, or 20
percent of the GNP. The expenditures
presented in this monograph reflect the
portion of total expenditures which is related
to S&T communication, and to the transfer of
information primarily by means of the
published literature.

The general health of S&T communication
can be assessed by comparing resource expen-
ditures to the GNP and to R&D funding. The
GNP serves as a general indicator of economic
condition in the U.S. Thus, it is used as a base
against which to compare the resources
expended in ‘S&T communication. Figure 3
shows the GNP from 1960 to 1980 in current
dollars. Constant dollars are computed by
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using the GNP implicit price deflator, with
1967 as the base year. The valus of the GNP in
constant dollars has grown an average of 3.3
percent annually between 1960 and 1975, and
is expected to continue increasing at an
average of 4.2 percent annaully to 1980.
Estimated total S&T communication
resource expenditure is presented along with
CNP an R&D funding in Figure 3 in current
dollars. The S&T communication resource
expenditures have clearly risen faster than the

GNP and R&D funding. From 1960 to 1974 the -

Figure 3

Total S&T communication resource
expenditures, gross national product, and
research and development funds,

in current dolars (1960-1980)

{Billions of Dollars)
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SOURCE: Economic Report of the President, February 1975 GNP, (GNP) 1960-1974
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King Ressarch, inc., Center for Quentitative Sciences (ST Communication

1960-1380, R&D Funds 1975-1980)

National Science Fi tion, National Pstierns of RAD R

19531975 (NS¢ 75-307) (R8D Funds}

CNP hos grown 177 percent, R&D funding has
increused 136 percent anC S&T communica-
tion resource expendtiures have increased
much more by an estimated 323 percent.
Trends in the relative growth ¢f co'nmunica-
tion resource expenditvres iac *NT> and R&D
funding are given below.

The ratio of S&T communication resource
expenditures to GNP is given in Figure 4. -

In 1960, S&T communication resource
expenditures accour.ted for 0.4 percent of the
GNP. The percentage increased steadilv over
the years, reaching about 0.6 percent in the
early 1970's. The forecast is for a slight '
continued increase and then a decline bac:. to
around 0.6 percent by 1980.

The second comparison is that of S&T
communication resource expenditures and
R&D funding levels. Though the exact
relationship is unknown, much of the
resources expended in S&T communication
(particularly in the generation and use ‘of
information) come from R&D funds. For this
reason, these two categori- s might be expected
to grow at the same rate. Figure 5 shows the
ratio of the two values.

Figue 4 "o L
--Ratio 6f S&T communicati
expenditures to GNP.

+——Projected —e|.
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SOURCE: King Ressarch, nc., Cencar for Quantilstive Sciences

The ratio of communication to R&D expen-
ditures remained constant at about 0.16 from
1960 to 1964 but has risen steadily since 1964
and will continue to do so through 1980. As
indicated previously, R&D funds increased
136 percent between 1960 and 1974, and are
forecast to increase an additional 51 percent
between 1975 and 1980. For the same periods,
communication resource expenditure in-
creases are 323 and 77 percent, respectively.

The dramatic rise in communication
resource expenditures suggests the in-
creasingly important role which STI plays in
our society and in R&D. This reflects ahealthy
increase in the volume of S&T communication.
On the other hand, there could be problems if
the cost of communication rises faster than the
cost of other scientific activities that share
common R&D budgets.

As stated above, animportant consideration
related to the growth of S&T communication
expenditures is the increase in the number of
scientists and engineers. These data are
presented in Figure 6. There were about 1.2
million scientists and engineers in 1960 and

16 19

'Flgure 6
‘Estimated number o. scientists
_ ,and engineers (1960-1980)

. . Numher (Mlmans)
.25

-+— Projected—e{ -

about 2.0 million in 1975.2 The average annual
growth rdte over this period was 3.8 percent.

The number of scientists is divided into the
estimated total communication resource ex-
penditures to determine the average expen-
diture per scientist or engineer. This is shown
in Figure 7.

The resources expended per scientist
equalled about $1700 in 1960 and $4300 in
1974. In constant dollars, average expen-
ditures reflect an increase from about $2700 to
$3000, or 50 percent. Projections suggest that
the average constant dollar expenditure will
level off over the next 5 years (1975-1980),
remaining at are..nd $3000.

As mentioned previously, one of the major
reasons average 5&T communication resource
expenditures have risen is that much of the
total resource expenditure is a function of
scientists’ salaries, anc .hese salaries in-
creased more rapidly thaninflationup to 1973.

+The total number of scientists and engineers presented
here meludes social scientists.
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This trend is expected to level off through
1980. The S&T communication resource ex-
penditure per scientist is shown in Figure 8 as
a ratio of median scientists’ salaries.-

As indicated, there is little change in this
relationship over the years after 1973. The
elements of S&T communication resource
expenditures attributable to scientisis and the
role which scientists’ salaries play in deter-
mining these expenditures are considered in
more detail in Chapter 5.

An important basis for understanding S&T
communication resour: 2 expenditures is the
components which make up these expen-
ditures and their respective growth. Much of
the remainder of this monograph is devoted to
development of cost factors which were
included in the total, covering in detail each
component. The remaining data in this section
summarize these results, presenting i

Figure 7- .
- S&T commumcamn resource expend
" per.scientist or engineer -
“in current and constant dollars. (19604980)
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souncz: King Rusearct, liic., Center for Quantitative Stiences

communication resource expenditures, by
medium, by participant, and by participant
within each medium. For cach presentation,
both current and constant dollar figures are
given.

Distribution of the total communication
resource expenditures for journals, books,
reports and other forms of literatureis shown
in Figures 9 and 10 for current and constant
dollars, respectively.

The journal figures shov-n are based on all
U.S. S&T journals, includ.ng both scholarly
journals as well as trade, technical and other
types of S&T periodicals. There were about
8.000 such journals in 1974. Books covered in
the cost figures were hard-cover S&T
publications which included ¢ -er 14,000 tit' s
in 1974. Report cost figures are base/! . a
subset "thetotal numberofi ort. . aerated
which includes only those titles released
tlirugh the Government Printing Office or the
National  Technical Information Service.
Other literature includes doctoral disser-
tations, U.S. patents, and conference
proceedings.

Figure 8

Ratio of S&T communication resource
expenditure per scientist

to medlan scrantlsts' salarles (1960-1980)

'8 70 T2 M6 1B 8
‘ Year = - :
SOURCE: King Research, Inc., Center for Quantitative Sciences
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Figure 9
Tota! ~'<v communication resource expenditures
by medium in current dollars (1960-1980)
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The total expenditures associated with
journals are much higher than with the other
forms of literature. The journal expenditures
were about 8§13 billion in 1960 and rose
steadily to $5.6 billion in 1974. They are
expected to conlinue increasing up to $9.9
billion in 1980. The proportion of total
expenditures associated with journals was 63
percent in 1960 and is expecled to continue al
that level up to 1980. The total expenditures
attributable to S&T books was $600 million in
1960 and 2.1 hillion in 1974 with an expected
increase to 3.5 billion in 1980. Expenditures
associated with hooks comprised 28 perecent of
the total in 1060 and are expected to go steadily
down to about 25 percent in 1480. Expen-

21

Figure 10
Total S&T communication resource expenditures
by medium in constant dollars (1960-1980)
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ditures are a direct function of the number of
S&T materials (book titles, journal articles,
reports, dissertations, and so on); and the
number of nniterials are, in turn, closely
correlated with the number of scienlists.
Development of these 1elationships form the
basis for statistical indicators presentedin the
next chapter.

The contribution to overall resource expen-
ditures atiributable to the principal S&T
communication participants  (scientists as
authors of the literature, publishers, libraries
andsecondary services. and scientists as users
of the literature) is given in Figure 11 and
Figure 12 for current and constant dollars,
respectively. Resources are deterinined for
scientists largely by their lime devoted to
writing, editing and reviewing literature as
well as to using S&T literature. Publishers
contribute to totar expenditures by the costs
they incur in reproducing and distributing
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- Figure 11
Total S&T communication resource
axpenditures hy participants in
current dollars (1960-1980)
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literature. Libraries and secondary services
incur expenses in acquiring and storing
literature, providing management and organ-
ization of the literature (cataloging, abstrac-
ting and indexing) and identifying, locating
and providing physical access te the literature.

The largest contribution to total resource
expenditures is by scientists who use the

literature. They contributed about one-half of

the total resource expenditures in 1960,
althnugh the contribution decreases to about
40 percentin 1980. The decreaseis attributable
to the dampening in number of scientists and
to the levelling off of their salaries. Library
and secondary services contribute about one-
fourth of the expenditures over the entire span

Figure 12

Total S&T communication resource
expenditures by participants in
constant dollars (1960-1980)
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of time. Publishers contribute less than 10
percent over the period 1960 to 1980, and
srientists, as authors of the literature, con-
tibute about 17 percent in 1960 and this
proportion is expected to increase to 23
percent in 1980.

Data are shown below for the participants’
contributions to each of the major literature
forms {books, journals, and reports) and to the
combined other literature. Journal com-
munication costs are shown in Figure 13.
Journals account for nearly two-thirds of total
communication costs and they also account for
a large percentage of the costs associated with
each participant. Publication costs are higher
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for journals than for the other media, and their
percentage  contribution to the total rose
steadilv over the 1960 to 1974 period. Library-
related costs for journals {exclusive of sub-
scription prices) have also beenrising. hutata
slower rate.

Most striking in the iournal costs are the
rates of growth observed in the 1960 to 1974
period; 520, 718. 290. and 249 percenl respec-
tively for scientists, publishers. libraries and
users, These rates are equivalent to average
annual increases of 13.9, 16.2, 10.2, and 9.3
percent, respectively.

Figure 14 shows the resource expendilures

ol beok communication. The total expen-
Figure 13
Total S&T journal communication resource
expenditures by participants: (1960-1980)
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ditures attributable to S&T books was $600
million in 1960 and $2.1 billionin 1974 withan
expected increase to $3.5 billion in 1980. More
than hall of these are the user costs of reading,
with libraries accounting for ahout another
third of the total. Publication costs decreased
slightly as a percentage of the total over the
1960 to 1974 period and are projected to
continue declining to 1980. This reflects a
relative decrease in the significance of books
versus other forms of S&T literature. At the
same time, the cost of authorshipisexpected to
rise, so that it will he nearly as large us
publication costs by 1980. As will be shown in
Section 3 with each of the literature forms, the

Figure 14 ' .
Total S&T book communication resource
expenditures by participants (1960-1980)
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Figure 15
Total S&T report communication resource
expenditures by participants /1960-1980)
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costs anticipated to show the greatest in-
creases over the 1975 to 1480 period are those
which’ are directly related ‘o scientists’
salaries as mentioned earlier though. The
growth rate should be leveling off over this
time period,

Report expenditures are shown in Figure 15.
These data are not as well defined and should
be treated accordingly. The report expen-
ditures were about $22 million in 1960 and
$390 million in 1974. They are expected to
continue increasing up to $880 millionin 1980,
In 1970 the author, library and user each
accounted for about one-thicd of the total
costs, with publishing representing only two

Figure 16
Total S&T other media communication resource
expenditures by participants (1960-1980)
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percent, The most significant change forecast
in these breakdowns is expecled to be a
substantial increase in user expenditures, so
that these will make up about 44 percent of the
total by 1980. Total report expenditures are
projected to rise 86 percent between 1975 and
1980, the largest increase of the four literature
forms. This increase is apparently due to the
rapid growth in the volume of the literature
combined with the great proportion of user-
related costs which depend directly on scien-
tists’ salaries. Note that these figures are
conservative eslimates of the expenditures
associated with reports due to availability of
sovernment distribution data only.

Figure 16 illustrates the expenditures of
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communication by means of “other” media,
primarily patents and dissertations. These
figures also include some expenditures for
library handling of audiovisuals, pamphlets,
and the like. The total expenditures at-
tributable to “other” media was $140 million in
1960 and $43¢ millicn in 1974. They are
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exoected to continue increasing up to $770
million in 1980. The primary expenditure
associated with “other” media is for the
« mposition and recording, and this is about
twice as large as the cost of composition and
recording for reports.
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Chapter 3

Growth of Scientific and Technical
Literature in the United States

The heart of scientific and technical (S&T)
comimnunication is the formal literature. This
section deals with the growth of S&T books,
journals, reports, and other literature such as
conference proceedings, patents and doctoral
dissertations. Statistical indicators of trends
in the growth of each form aof literature are
presented in number of items prepared;
number of capies reproduced and distributed;
cast of composition, recording, reproductian,
and distribution; and price of the literature. In
this section it is shown that book productivity
has increased substantially but that it is
unlikely to continue because of cconomic
constraints. Other..forms of S&7T literature
demonstrate a much healthier growth than
books. Each form of literature is discussed in
detail,

HIGHLIGHTS

¢ The number of S&T book titles has shot
up from ahout 3,000 titles in 1960 to about
14,000 in 1974. Individu :l author produc-
tiveness during this tiine has increased
from one hook published for every 343
scientists in 1960 to one book for every
137 scientists in 1974, However, there are
some very ominous signs in the S&T hook
publishing industry. The number of
copies sold per buok title has dropped
more than half from 1960 to 1974 and,
even though prices haverisen sharply. the
revenue  per book title  has also
plummeted. The number of copies sold
per scientist has remained almost cons-
tant over the years atapproximalely 6 10 8
copies even though the numher of titles
has increased dramatically and  the
average number of copies sold has
dropped. Thus. numher of hook copies

2

sold per scientist inay be a variahle of
some stability in the industry. . the
futvre one or more of the following
act are likely to be taken by
publishers: increased prices, more careful
screening of book manuscripts, oo im-
plementation of pracesses which reduce
costs (particularly prerun costs).
Otherwise the S&T book publishing
industry may be in serious economic
difficulty.

The journal publishing picture is much
brighter than that observed for S&'i
books. The number of journals published
has not increased dramatically since
1960. A steady growth of 2 percent per
vear reflects number of scientists almost
perfectly {correlation coefficient r=0.99).
although individual author produc-
tiveness has declined from one scholarly
article published for 10.9 scientists in
1960 to one article per 13.1 scientists in
1974. The productivity varies substan-
tially among the fields of science with Life
Sciences having the most productive
individuals.  Engineering the least
productive. The number of subscriptions -
has increased on the average, although
some individual journals have experienc-
ed a depressing decline. The prices
(whether considered by total subserip-
tion, by article, or hy kiloword page) have
increased somewhat even in constanl
doltars. Trends in all these areas are
expected to continue through 1980 at
stightly diminished rates of growth.
While journals experiences an average
annual growth rate of 2 percent hetween
1960 and 1974, the growth rate for journal
articles was 2.6 percent. This slightly
higher growth rate for articlesis reflected
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in the munber of articles per journal
which was estimated to be 71 in 1960 and
77 in 1974,

The number of articles distributed by
subscription  to institutions or in-
dividuals has increased when considered
as an average over number of scientists.
For example, the number of articles
distributed to individuals has increased
from about 210 in 1960 to aboul 280 in
1974, Similarly, the number per scientisl
distributed to institutions has increased
from 140 in 1960 to about 180 in 1974, In
hoth instances, the distribution is ex-
pr oted to be level up to 1980.

Report literature, as measured by sales at
the National Technical Information Serv-
ice (NTIS) and Government Printing
Office (GPO). has also experienced rapid
arowth. The total copies sold at NTIS has
increased from 784,000 in 1966 to 2,356.-
000 in 1974. Much of the growth is
attributable to increased coverage of the
government report literature. Further-
more. much of the growth has becen
through microform rather than paper
copy. The microform sales per report have
increased 106 percent during this period,
while the paper sales per report have
decreased 58 percent. The average
number of copies sold at GPO has
increased 36 percent. In both agencies,
prices of reports have increased substan-
tially and they are expected to continue
this increase. The increase in price of
paper copy and other considerations are
likely to continue altering sales patterns
toward more microform copies. This may
have a great impact on the microform
industry and have a secondary effect on
other S&T media.

The number of conference proceedings,
U.S. patents and doctoral dissertations
have all increased substantially over the
years. Published conference proceedings
have increased 40 percent from 1865 to
1971. The number of U.S. patents issued
has increased about 60 percent from 1960
to 1974. The number of dissertations
published has more than tripled in this
same time period. The growth pattern of
all these forms of literature is forecast to
continue at a slightly dampened rate.

23

DISCUSSION

Growth of Scientific and Technical
Book Literature in the United States

The S&T book literature, although showing
healthy increases in number of books publish-
ed, does have some ominous indicators that are
discussed later. As shown in Figure 17. the
number of S&T book titles published in the
U.S. has increased substantially. The growth
was particularly pronounced in the carly
1960's. From 1960 to 1964, the increase was 162
percent from 3,379 books to 8,871 books. Over
the next 5 years, the growth was only 8
percent. However, in 1970, the number of
books published continued again to grow
rapidly up to 14,442 in 1974. Thus, the total
increase from 1960 to 1974 was a substantial
327 percent, but with some lulls 1d spurts.
The forecast over the next 6 years is for
continued growth but not as substantial as
during the two spurts represented in the early
1960's and 1970's.

As one might expect, the relationship of the
number of books published and the number of
scientists is very high. This relationship is

Figure 17
Total S&T hook titles published (1960-1980)

(Number in Thousands)
20 n—

15

10

64 6 6 70 .72 74 -7 18 &
Year published

SOURCE: R. R. Bowker Company (Books: 1960-1974}
King Research, Inc., Center for Quantitative Sciences {1975-1980!

0 .
1950 62



O

ERIC

Aruitoxt provided by Eic:

shown in Figure 18, The values used for the
number of scientists in the relationship shown
are number ol scientists lagged 3 vears priorto
the number of titles published. For example,
scientisls in 1968 perform work and write
books that are published in 1971 since it takes
roughly 3 years to publish a book after it is
begun. ‘Thus, 1968 scientists are related to
1971 books in the figure. The high correlation
of this relationship is demonstrated by values
of the correlation coefficient. r=0.96." Similer
analyses were used for the number of scien-
tists having doctor 1 degrees (r#=0.82) and for
Federal funding obligations for research and
development (R&D) (1=0.79):

Figure 18
Total S&T hook titles published as
a function of number scientists and engineers

{Thousands of Book Titles)
175

12.5 %
Y

- 35022 + 95076 % 1 - 093

75

5»

s
I

1.25 1.5 1.75 20
Scientists and engineers (Millions}

SOURCE: King Research, Inc., Center for Quanlitative Sciences

“Thus. =093 which means that about 93 percent of the
variatinon occurring among the number of book titles
published over the vears can be explained by the nnmber
of scientists. 7 values are given for comparative purposes
even thongh the small number of observations for each
computation make them guestionable.

“These vartables were also included alone with others
inastepwise multiple regression model but were droppetd
due to high cohmearity among the independent variables,
This comment holds trae lor nearly all regression anid vsis
mentioned in the remainder of this report,

Forecast of the number of scientists is used
in the regression equation to estimate number
of S&T books published from 1975 to 1980 as
given in Figure 17. Based on this forecast
technique, the number of titles rhonld increase
at an average annual rate of 3.« percent from
1975 to 1980.

Data on book publishing were not available
for the nine fields of science defined by the
National Science Foundation. However, data
are available for 6 science classifications? In
each science classification, the number of book
titles was correlated with number of scien-
tists, number of scientists with doctoral
degrees and Federal R&D obligations in the
corresponding NSF field of science. These
values were used to forecast the number of
book titles published which are shown in
Figure 19 for the 6 science classifications.
Sociology and Economics not only had the
largest number of books published in 1974
(6.640) but also showed a remarkable 780
percent increase in books published fron- 960
to 1974, Medicine also had a large incre«. < in
number of books published from 520in1¢ 1o
2,281 in 1974 which represents a 339 percent
rise.

The dramatic increase in number of books

published has been accompanied by an equally
startling decrease in estimated number of
copies sold per book title published.® This
decrease is shown in Figure 20 below.
The number of copies sold per title has
plummeted from 2,394 in 1960 to 789 in 1974. It
appears that there is a saturation point of the
number of copies that scientisis will purchase
(or have purchased for them) which is depicted
by the estimated number of copies sold per
scientist in Figure 21. The number of copies
sold per scientist has remained relatlively
constant over the years, ranging from a little
under 6 lto 8 copies. The trend in number of
book copies sold and, hence, revenue per title
is decreasing dramatically.

Financial success in book publishing is
particularly dependent on volume of sales
since initial fixed cost is quite high and musl
be spread out over this volume of sales. Thus,
it would appear that the substantial decrease

CDefinitions for these science classifications are given
in Valume [I: A Resewrch Report,

P Note that a detailed analysis has not heen made
concerning the impact paperback books have had on the
S&T hook market.
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. S&T book titles published by six classifications (1960-1980) e
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" Figure 207,
Average number of copies sold
per book title (1960-1980) -
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in book copies sold per title must have a
devastating impact on publishers unless this
decrease is accempanied by corresponding
increases in price. The average price per book
is given in current and constant dollars in
Figure 22. The average price in current dollars
increased from $8.50 in 1960 to $18.40 in 1974,
However, in constant dollars the increases
have not been quite so dramatic. The overall
increase in constant dollars from 1960 to 1974
was 31 percent.

Total S&T book receipts show a steady
increase from 1960 to 1974 and thereceipis are
forecast to continue this trend. However,
receipts per book title, which result from the
reduced sales per book and increased price,
show a sharp decline (in constant dollars)
after 1969. The receipts per title are ¢ ven in
current and constant dollars in Figure 23.
Since 1962, the receipts per book title in

Figure 21 :
Average number of book coples sol
per sclentist or enginoar (1860-1980)

(Numbor)
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constant dollars are in the $10,000 to $15,000
range and have a fairly flat trend over the
years. If the cost of producing books does not
also remain constant over the years, say, due
to recduced number of pages, use of paperback
covers or some other factor, the book
publishers must surely be hurt in terms of
reduced profits or even losses.

If the number of books published per
scientist remains too high, one of several
events may occur in the future. Fewer books
may be accepled by the publishers, action may
be taken toreduce costs (such as publishingby
paperback or reducing the size), or prices may
continue to increase. In the latter instance,
increased prices will have some impact on
demand as shown by the rough relationship
between price and demand in Figure 24.
There appears to be a discernable increase in
sales as the price decreases. However, the
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Figure 22
Average price per book (1880-1980)
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Figure 24
Price versus demand for S&T books
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logarithmic relationship depicted in the figure
does not appear to be a particularly good one
because of the one outlier at 2400 copies sold.

Growth of the Scientific and Technical
Journal Literature in the United States

There are not complete data available for the
total number of S&T periodicals published in
the U.S. from 1960 to 1974. However, by
piecing together data from the Library of
Congress in the U.S. and the British Library
Lending Division, estimates are derived for the
growth of number of periodicals published in
the world and in the U.S. as shown in Figure
25.

The growth of the number of periodicals
published worldwide is substantially greater
than that observed for the U.S. The number of
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United States

3 'ry»_lﬂidnl.mm};m‘. ST
- Hing Resqarch, Inc., Center for Quantitative Sciences

periodicals published worldwide increased
from 18,800 to 49,400 from 1960 to 1974 which
represents a 163 percent increase. However,
the number of U.S. periodicals increased only
from 6,300 in 1960 to 8,500 in 1974 which is
a mere 34 percent increase, or an average of
2.1 percent increase per year. According to
Price[9] one should expect that scientific
publishing in developing countries grows
rapidly and this growth dampens as countries
such as tl.2 U.S. become more developed.
Many of the periodicals covered in the
numbers given above are trade journals and
other periodicals that are not considered to be
scholarly S&T literature. In 1974, Indiana
University, under a grant from NSF, identified
acoreset of scholarly journals published in the
U.S.[4] As part of this indicator study, a
sample of thesejournals was studied by us and
tracked back to 1960 to establish their birth
rates. Another sample of scholarly journals
was drawn from journals published in 1960
and tracked forward to determine correspon-
ding death rates. From these processes, the
number of scholarly journals was estimated

from 1960 to 19745 1o be as indicated in Figure
26 below.

The number of scholarly journals increased
from 1,490 in 1960 to 1,945 in 1974 and is
forecast to continue steady growth to 2,140 in
1980. The growth in number of scholarly
journals from 1960 to 1974 was 30 percent and
the average annual rate of growth is estimated
to be 1.9 percent. Thus, the rate of growth of all
S&T periodicals and S&T scholarly journals is
about the same in the U.S. over the 1960 to
1974 period.

The estimated growth of number of journals
varies substantially among the nine fields of
science. These trends are shown in Figure 27.
Nearly all of the fields of science experienced
close to linear growth from 1960 to 1974. The
one outstanding exception to this trend is in
the field of engineering where the sample of
journals was observed to decrease substan-
tially in numbers from 1967 to 1971.

A better statistical indic tor of thegrowth of
the journal literature in the U.S. is the number

) S

1960 G2 - .'64. 66 "

SOURCE: King Research,Inc. Center for Quanfitative Sclences

“From this peint out, data apply only to scholarly
journals as depcited by the universe of scholarly journals
identified in the Indiana University study.
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Figure 27

Number of schalarly S&T journals published in the nine fields of science (1960-1980)
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of journal articles published which is dis-
played in Figure 28.

The total number of scholarly articles has
increased from 106,000 in 1960 to 151,000 in
1974 which is a 42 percent increase. The

number of articles has increased at a slightly

greater rate than number of journals since the
number of articles per journal was estimated
to be 71 in 1960 and increased to 77 in 1974,
The number of scholarly journal articles
published is highly corretated to the number of
scientists, which is depicted in Figure 29. The
number of scientisls and engineers is lagged
one year to accounl for the delays in
publishing scholarly journal articles.
The simple regression equation shown in
Figure 29 was used to forecast number of
scholarly articles published from 1975 to 1980.
The number of scholarly journal articles was
also related to other variables such as number
of scientists holding doctoral degrees {r2=0.97),
and R&D funding lagged 3 years (r:=0.89).
Thus, all three variables are highly correlated
to number of articles published in the U8,
Even though there is very high correlation
between number of scholarly journal articles

Figure 28
Number of scholarly S&T
articles published (1960-1980)

{Number in Thousands)
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Figure 29
Number of scholarly S&T journal articles as
a function of scientists and engineers
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and number of seientists, it is found that the
number of scholarly articles written per
scientist declined slightly, but steadily from
0.091 in 1960 to 0.076 in 1974. Viewed in
another way, there were 10.9 scienlists per
scholarly article published in 1960 and 13.1
scientisls per scholarly article published in
1974, This number is expected toremain about
the same up to 1980.

The wvariation of numbers of articles
published among fields of science is even
areater forscholarly articles than for scholarty
journals. This is due partially to differencesin
the number of articles per journal among the
fields, The estimated total number of scholarly
articles published in the nine fields of science
from 1960 to 1980 is given in Figure 30,

The greatest increases in growth of scholar-
Iy articles published from 18960 to 1974
occurred in the Environmental Sciences (241
percent for an average annual increase of 9.2
percent). and the Computer Sciences (139
percent for an average annual increase of 6.4
percent}. The average growth of all fields of
science is expected to be 11 percent from 1975
to 1980, Mathematics is forecast to have a
decrease in growth of 2.2 percent over that
period of time. The remaining fields of science
are expected to continue growth with the
arealest growth expected in Environmental
Sciences {24 percenl) and Engineering {19
percent).
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While there appears to be potential (if not
existing) economic  difficulties  in book
publishing, journal publishing scems much
healthier even though there are trouble spots
throughout the industry. In the absence of
available published data, the number of
journal subseriptions was estimated from a
nonrandom sample of 173 scholarly journals,
Estimates from these observations indicate a
steady increase in number of subseribers
overall. Hewever, in some instances in-
dividual journals showed a decline. The
estimated number of foreign, domestic in-
dividual and domestic institutional subscrip-
tions are given in Figure 31. These estimates
indicate that the three forms of subscriptions
exhibit a nearly lincar growth from 1960 to
1974. The total numberof individual subscrip-
tions was estimated to be 3,500 in 1960 and
rising to 7,100 in 1974 which represents a 103
percent increase. Institutional subscriptions

Figure 31
Number of scholarly S&T
journal subscriptions (1960-1980)
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had a similar growth from 2,300 in 1960 to
4,600 in 1974, The relative proportion of
subscriptions from 1969 10 1973 were hased on
the Indiana University study.

The trend in growth of subscriptions is
expected to continue since magnitude of both
individual and institutional subseriptions is a
function of the number of scientists. For
example, the number of individual subscrip-
tions per scientist was 3.0 in 1960 and rose
slightly to 8.6in 1974, The forecasts of number
of institutional  subscriptions  and  total
domestic subscriptions are based on high
correlation of number of subscriptions with
number of secientists. These relationships are
shown in Figures 32 and 33.

Another statistical indieator is the number
of scholarly articles distributed per scientist
by means of institutional and individual
subscriptions and by reprints from authors.
These estimates are exhibited in Figure 34.

There are about half again as many articles
distributed by individual subscriptions as by
institutional subscriptions. Distributing ar-

Figure 32

Number of institutional journal
subscriptions as a function of the number
of scientists and engineers
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SOURCE. King Researck, Inc.. Center for Quantitative Sciences
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Figure 33

Number of domestic journal
subscriptions as a function of the number
of scientists and engineers
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ticles by reprints barely exists by comparison,
However, many of the articles that are
distributed. sav, by individual subseription,
are nol read by the subscriber. Therefore,
when considering use of articles a different
picture emeryes.

A survey was made as parl of this statistical
indicators study to determine relative use of
articles for the purpese of citing in jourpal
articles.r The following percentages refer o
the source from which cited articles were
obtained.

o [ndividual subscriptions—27.2 percent £
1.5 prrcent”

e [nsitutional subscriptions—47.4 percent
+ 1.6 percent

e Reprints—25.3 percent + 1.4 pervent

A statistical indicator of relative efficiency
of these three modes of transferring scholarty
journal articles is the number of articles

« Some cited articles were abitained second hand from
colleagnes who had initially ebtaned their copies by
subscription, libraries, or reprints.

Approximate standard ervor cchieved from i sample of
443 responses. Response rale was 4 percent.
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Figure 34

Distribution 6. journal articles to .
scientist by individual and institutional
subscriptions and reprints (1960-1980)
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distributed by each means per article cited,
Results are as follows:

o Individual subscriptions—2,240 articles
distributed per artiele cited

e Institutional subscriptions—820 articles
distributed per article cited

e Reprints—30 articles distributed per
article cited

Thus, reprints appear to be nost effective
means of distributing articles to authors with
institutional subscriptions substantially more
effective than individual subscriptions.

The cost per article cited presents another
useful statistical indicator for comparing the
cost-effectiveness of the three modes of
distributing S& T journal articles. Total cost of
each distribution mode includes all costs such
as those incurred in reproduction, initial
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disteibution, acquisition, storage, organizi-
tion and control, identificition and physical
access to articles, The total costs per article
citedd Tor the three modes of distribating
articles are as follows:

o Individual subscription—87.000 pev arti-
cle cited

e Institutional  subscriptions—$6.50 per

article cited
e Reprints—$3.80 per article cited

Reprints  also seent to he the most cost-
effective mode ol distribating articles when
consideriag total cost per article cited. In-
dividual subscriptions and institutional sub-
seriptions  are  remarkably  close in o this
measnre of cost-elfectiveness.

The subscription prices for journals were
estimated fram the sample ol S&T scholarly
journitts. As shown in Figures 35 and 36, these
prices have inereased substantially in cons-
tant dollars as well as in current dollars for
foreien, insitutional and individual subserip-
tions.

Average prives to the three types of sub-
seribers rose at about the sane pace fronn 1960
to 1974, The individual prices rose 281 percent
from $5.27 to $20.08. Whereas, insitutional
prices increased 275 percent from $7.88 to
$29.57. Prices to foreign subscribers increased
from S6.01 to $21.90 for an increase of 264
pereent. Therelore, even though thereis a price
differential among the three tvpes of subserip-
tions. the rate of increase among them is abont
the same.

The average scholarly journal subseription
prices are given for the nine fields of sciencein
Figures 37 and 38 for institutional subscrip-
tion prices and for individual subscription
prices. The highest prices tend to be with the
Physical Sciences and Mathematics which
might be expected since publications in these
two lields of science require a great amount of
special characters and graphics which are
very expensive. On the other hand, the prices
are low in fields of science which have
publications that commonly have straight
text,

Since the nimnber of articles per journal and
the number of pages per article are changing
over time, perhaps a better indicatorof priceis
the price per article and price per kiloword
page. These two prices charged to individuals
are given in Figures 39 and 40 in current and
constant dollars.

Figure 35

Average institutional, individual,
and foreign subscription prices in
current dollars (1960-1980)
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Both the price per article and price per
kKiloword page have remained relatively stable
in constant dollars over the period from 1962
to 1971, ‘These prices begin to vise up to 1974,
In the fonture, o decrease in price {in constant
dollars) is anticipated.

Growth of the Scientific and Technical
Report Literature in the United States

There are two principal sources of S&T
report literature produced under Federal
Government sponsorship. The first of these is
the National Technical Information Service
INTIS ), which serves a number of governiment
agencies in reproducing and distributing their

37
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Figure 36

Average institutional, individual,
and foreign subscription prices in
constant dollars (1960-1980)
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report literature. The second major source of
Federal  Government  sponsored  report
literature is the 1.8, Government Printing
Office (GPO). Data were obtained from hoth
agencies back to 1965, The very large growth
of number of items processed by NTIS is
shown in Figure 41.-

The number of reports processed by NTIS
increased from 14.000 in 1965 to 61.100 in
1975. Forecast of NTIS growth is made by
simple tite series analysis whicn shows o1
expected increase to 84.800 reports processed
in 1980. Much of the past growth in NTIS has
been due to expanded coverage so that this
trend in coverage must continue for the
forecast to hold. This growth in coverage is
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allributable  to aggressive acquisition by
N7TIS.

The GPO also reproduces and distributes

government sponsored researvch reports, They
process substantially fewer reports than NTIS
but their reports have wider distribution on
the average. A sample of approximately 40
S&T reports was drawn from the Monthly
Catalog for each year from 1965 to 1974, From
this sample such information as price, subject
field, number of pages iand number of copies
distributed was noted. Over one-lut! of the
S&T GPO reports are available at NTIS, so
that the remainder are those reproduced and
distributed primarity by GPO. There has been
a substantial growth in S& T reports submitted
1o GPO over the period 1965 to 1974, This
growth is illustyated in Figure 42,
The growth was from 750 in 1965 to 1,960 in
1974 which represented a 162 pereentincrease
or an average of 11 percenl per year. The
forecastfrom 197510 1980 shows an additional
growth of 24 percent.

The relationship between number of reports
inputin one year and the numberof copies sold
the following year is shown in Figure 43 for
NTIS. The relationship has a high correlation
{1=0.96) and is used as a basis {or forecasting
total copies.

Part of the sales of reports at NTIS is in
papur copy and part is in microform. The copy
sales for paper copy and microform is also
given in Ficure 44, From 1966 to 1974 the
number of microform sales has increased by an
impressive 465 percent while the number of
paper copy sales has increased by only §1
percent. The trends should continue with
microform sales expected to increase 36
percent [rom 1975 to 1980 and paper copv sales
are expected to increase somewhere neor 31
percent during this time period.

Average prices at NTIS for paper copy and
microform are given in Figure 45 with linear
forecasts ol their prices up to 1980,

Current dollar price increases for paper copy
and microform copy are 232 percent and 97
percent. respectively, from 1966 to 1974,
Constant dollar price increases were 123
percent and 26 percent respectively. The large

“Only reports that were judged to be written by
scientists and engineers {or their peers were included.
Reports that were written for distribution to the general
pubtic were not included.

*Past experience has shown that a large proportion of
the sales of reports oceurs in the first vear {even though
sales can actually oceur as much as 5 vears hence,)
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o Figure 37 ..
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Figure 38

- Average individual subscription price for nine fields of science (1962-1974)
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difference in price changes might partially
contribute to the discrepancy obscerved in
paper copy and microform sales over the
years. The average sales per report of paper
copy is roughly estimated by dividing number
of reports (lagged 1 year) into the number of
paper copies sold. The average number of
paper copies sold is plotted against the
average price of paper copies in constant
dollars in Figure 46.
This graph shows & rough relationship with
average demand and price (in constanl
dollars). Obviously, price is not the only factor
that has dampened paper copy sales at NTIS
but it must contribute to this phenomenon.
The average number of copis sold per
report at GPQO also increased from 1,210 in
1965 to 1,630 in 1974 which is an estimated 35
percent increase or aboul 3.4 percent per vear.
These averages are plotted in Figure 47 below.

Figure 40

Average price per kiloword page
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The estimated average price per copy

remained relatively constant until 1973 when
the price increased somewhat. Thisincreaseis
reflected in both price per copy and price per
page. In 1973 and 1974 the price per page
nearly doubled over the previous 8 years. The
3 year moving average priceis shown in Figure
48.
If 1973 and 1974 prices represent a policy
change, then the forecasts given may be low
and, therefure, the estimates of revenue may be
low as well, depending on the impact of
increased price on future demand. The overall
revenue to GPO from sales of S&T reports
increased by 521 percent since 1965 or an
average of 22 percent per year.

In summary, it appears that reproduction
and distribution of S&T report literature, as
represented by NTIS and GPO., are growing
substantially and should continue to do so
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over the next 5 years. One of the most
significant phenomenon is the large increase in
microform sales at NTIS accompanied by
rather stagnant paper copy sales. Even though
overall volume seems to have decreased at
GPO over the past 10 years, the volume of S&T
report literature has made healthy advances.

Growth of Other Forms of
Scientific and Technical Literature
in the United States

A form of communication that is particular-
ly important in S&T is the conference and an
important form of literature publication is the
proceedings of such conferences. Some figures
on the growth of published conference
proceedings in S&T are given in Figure 49.
These figures cannot be taken as truly ac-
curate indicators of the number of conference

42
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proceedings published each year on a
worldwide basis since they represent the
number of proceedings published for con-
ferences held each year as identified by the
staff of the Directory of Published Proceedings
as of January, 1975. The publishers are
continuing to find additional proceedings for
various years of this period (in fact, the
published proceedings may appear some years
after the conference was held). The figures for
the earlier years are relatively stable whereas
the figures for the later years {1971t0 1973) are
undoubtedly incomplete at present. The
figures do reveal a steady increase from 1,726
in 1965 to 2,419 in 1971, which presumably
reflects a growth in the number of conferences

"held internationally. as well as the number of

pubiished proce.dings available. These
figures, although they do indicate growth rate
in a crude sense, are known to be very low. The
British publication Index of Conference
Proceedings Received by NLLis growing at the
rate of about 7,000 items a year. However, this
figure also includes publications from fields
other than science and technology.

The growth of the U.S. patent literature, in
the period 1960 to 1974 is indicated in Figure
50.
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In 1960 the number of patent applications
was 84,500. In 1974 this number was 108,000
which was 28 percent greater than thenumber
applied for in 1960. The number of patents
issued in 1974 was about 80,000 which was
approximately 60 percent greater than the
50,000 issued in 1960. Thus, the patent
literature of the U.S. seems now to be growing
at approximately an average annual rate of
about 3.4 percent per year.

The growth of the dissertation literature is
reflected in data presented in Figure 51.

The number of doctoral degrees awarded in
the U.S. from the years 1960 to 1974 has more
than tripled. In the same period the number of

microform values

~+——— Projected —— -

paper values

SOURCE National chhnlul«lnlormaﬂon Service 1196519757 . ;
King' Rmmh. lnc (:enler 1or oummrm Scienmﬂsm 1580)

doctoral degrees awarded in science and
engineering increased 150 percent from 3,802
to 9,490, an average annual rate of growth of
about 6.8 percent, but has dampened con-
siderably the last 5 years. During this time the
number of science dissertations published
went from 3,387 to 15.606. Since, in science
and engineering (as opposed to the fine arts)
the number of degrees awarded should be
directly equivalent to the number of disser-
tations accepted, it is assumed that the U.S.
dissertation literature should increase at
about 2 percent a year on the average over the
next 5 years since that is the rate of increase
forecast for doctoral degrees in science and
engineering.
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Comparison of Growth Among
the Forms of Literature
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The overall health of S&T communication is
partially determined by the relative strength
of the literature forms. Relative growth of the
literature forms is given below, )

Figure 52 shows that all forms of S&T
literature exhibit a steady growth over the
period of 1960 through 1974 and there is every
indication that this growth will continue
through 1980. The estimated number of S&T
scholarly journals increased from 1,490 in
1960 to 1,950 in 1974 which represents a 30
percent increase or an average annual increase
of L9 percent. The number of scholarly
journals is expected to increase to 2,140 in
1980. The number of scholarly journal articles
published went from about 106,000 in 1960 to
151,000 in 1974, an increase of about 42
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percent. The average annual increase is 2.6
percent. When journal publishing is con-
sidered in terms of articles, the volume is
considerably greater than the other forms of
S&T literature.

Nun:uer of books written, on the other hand,
experienced far greater relative growth than
the journal literature in that there were 3,379
book titles published in 1960 and this number
swelled to 14,442 in 1974 which is an increase
of 327 percent. The average annual rate of
increase has been 10.9 percent but this rate is
expected to dampen considerably in the future
because of the unfavorable economic picture
for book publishing which is illustrated by the
next two indicators (publication and price).

The dissertation literature increased from
3,400 in 1960 to 15.600 in 1974, which is an
increase of 361 percent. This represents an
average annual increase of 11.5 percent. The
future growth which is dependent on number
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ol doctoral degrees granted should level to
about 18,000 in 1980. This growth is nearly
parallel to the number of books written. The
number of patents issued has increased about
60 percent from about 50.000in 1960 to 80,000
in 1974, The average annual increase is 3.4
percent. This general trend should continue
through 1980. .

The number of items written per scientist is
displaved in Figure 53. The number of journals
published per scienlist has remained stable,
but slightly decreasing over the years. The
number of journals published per scientist
was .00129 in 1960 and .00099 in 1974, an
average annual decrease of 1.9 percent. This
trend is expected to continue up in 1980. There
was a rapid increase in average number of
bonks wrilten from .00292 bouks written per
scientist in 1960 to .00732 in 1974, at which
time it levelled out. The average annual
increase is 6.8 between 1960 and 1974. A
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Figure 52
Growth of U.S. scientific and technical
literature forms (1960-1980) -
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similar growth is observed in dissertations
which reflects the number of doctoral degrees
awarded over this span of time. The average
annual rate of growth for dissertations written
per scientist between 1960 and 1974 was 7.4
percent. The annual growth rate for reports
between 1966 and 1974 was 8.3 percent. The
patent literature produced by scientists has
fluctuated somewhat over the years but there
is no indication of a general trend either up or
down in the past or in the future.

Gross estimates of the cost of writing S&T
literature are presented in Figure 54 in current
dollars. The average annual rate of increase in
costs between 1960 and 1974 for journals,
books, dissertations, and patents is 13.9, 16.4,
17.2 and 6.9 percent, respectively. The average
annual rate of growth is 23.3 percent for
reports between 1965 and 1974..Reports are
increasing at a more rapid rate than the other
forms of S&T literature.

The number of copies sold perliteratureitem
is given in Figure 55. The average number of
journal subscriptions increased steadily from
3,900 domestic subscribers per journal in 1960
to 6,000 subscribers in 1974, representing an
average annual growth rate of 3.2 percent.
This trend is expected to continue at a
dampened pace through 1980. Books, on the
other hand, experienced an average annual
decrease of 7.6 percent in number of copies
sold per book from 1960 to 1974. There was a
particularly large drop in the early 1960s with
the trend continuing downward after that
time. In 1960 the number of copies per title sold
was 2,400 and this numberis down to less than
800 in 1974. The trend in number of copies per
report sold has remained relatively flat,
although there is a fairly large fluctuationover
the years from about 80 to 110. There is no
evidence that general trends might change
over the next 5 years for any of the three forms
of literature.

The number of copies sold per scientist
is given in Figure 56. The number of journal
subscriptions per scientist has remained
relatively constant, with an average annual
rate of growth of only 1.3 percent between
1960 and 1974, and is anticipated to remain in
the range of 5 to 7 subscriptions per scientist
up through 1980. The number of copies of
books per scientist has remained between
about 6 and 8 in the past but may declinein the
future.

The average number of copies of’

' Figure 53 .
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Figure 54. o , Figure 55 )
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reports has increased substantially with an
average growth rate of 11,5 between 1966 and
1974.

The flat trends of the journal and book forms
of literature suggest that there may be an
acceptable amount of fiterature that in-
dividual scientists will purchase regardless of
the quantity availableto them. This appears to
be particularly well illustrated by the fact that
the number of books writlen has increased
dramatically but the number of copies
purchased per scientist has remained ne-:ly
level. Since many of the purchases of literature
are by libraries, it is expected that future
increases in inter-library loaning will have an
impact on future number of subscriptions and
copies distributed. Increased costs and prices
iltustrated below will also influence this trend.

The total cost of publication {reproduction
and distribution) of S&T literature is given in
Figure 57. Journal expenditures grew from $89

Figure 57

S&T communication resource expendltures
for reproduction and distribution,
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million in 1960 to $720 million in 1974, books
rose from $66 million 1o $200 million and
reporls increased from $700 thousand in 1963
to $12.4 million in 1974. The average annual
rate of increase for journals, books, and
reperts in this time period was 16.2 yercen?
8.3 percent and 30 percent, res:si tiver.,
Report expenditures appear to be groa: 2ata
much faster rate than book ana journal
expenditures, but areforecast toleveioutafter
1974, at an average annual growtn rate of 12
percent,

Figure 58
Price per copy by medium,
in current dollars (1960-1980)
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Price of journals. books and reports is given
in current and constant dollars in Figures 58
and 59 respectively. There is not a dramatic
difference in the general trend of prices
(particularly since 1962) between the journal
and book forms of literature. In current
dollars. journal subscription prices increased
from $5.301n 1960 to $20.00 in 1974 and books
increased from $8.50 to $18.40. Data were not
available for reports prior to 1966. From 1966
to 1974, when data were available for all forms
of literature, the prices in constant dollarsrose
39. 14. and 123 percent respectively for
journals, books and reports. This represents
an average growth rate of 4.2 percent for
journals, 1.7 percent for books, and 10.5
percent for reports. Forecast for all three forms
of literature is for price to decrease slightly in
constant dollars over the next 5 years.

Figure 59 . .
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Chapter 4

Growth of Scientific and Technical
Library and Secondary Service
Activities in the United States

Since scientific  and technical (S&T)
literature is usually not used al the time it is
published and distributed, libraries and
secondary services play an important part in
transfer of information. The growth of these
enterprises is, therefore, an important in-
dicator in S&T communication. This section
discusses the role of libraries and abstracting
andindexing (A&I) services in the acquisition,
storage, organization and control. identifica-
tion, location and accessing of S&T literature.
Applicable data in these areas are. unfor-
tunately, scarce. but some lrends can be
identified. It is shown thal technological
developmenl!, particularly in the computer
area, have begun to result in change in the
operations of libraries and secondary services
and can be expected to have a significant
impact in the future.

HIGHLIGHTS

® Scienlific and technical library expen-
ditures increased dramatically between
1960 and 1974. Malerial expenditures
increased 254 percent in constant dollars
and other expenditures, again in conslanl
dollars, increased 193 percent. Growth,
however, peaked around 1972 and cons-
tant dotlar expenditures are not projected
to increase further in the period to 1980.
Expenditures per scientist should like-
wise remain constant over the near
future. The combination of these factors
with continued increases in the cost and
volume of scientific materials will require
adaptive measures on  the part of

libraries. Such measures already involve
increased use of new technology and
various nelworking arrangements.

¢ The total number of items processed by
U.S. members and affiliates of the
National Federation of Abstracling and
Indexing Services (NFAIS) increased 145
percent bhetween 1960 and 1974 and is
projected lo increase an additional 33
percent by 1980. This reflects both
increased production of world literature
as well as increased coverage by the A&l
services. The accessibility of A&l
products has been increased substantial-
ly by expanded use of computer search
systems for bibliographic data bases.

® Both libraries and secondary services
play important roles in the identification
and accessing of the S&T literature. In an
author’s survey conducted as part of this
study, libraries and A&l services ac-
counted for over 20 percent of the article
identifications made. Nearly half of alt
articles used were from library subscrip-
tion copies.

DISCUSSION

Several of the functions included in S&T
communication involve intermediaries
belween authors and users of literature. Chief
among these intermediaries are libraries and
secondary services.

Libraries  scquire and  store published
materials, organize them for.use, and facilitate
their availability. Their collections cover the
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range of S&T literature, and are organized so
that materials can be retrieved by a wide
community of users. A unique function of
libraries is their role as a permanent archive of
scientific achievement. Several types of
libraries contribute to the communication of
scientific and technical information, (STI),
including academic, public and  special
libraries. Overlapping these classifications,
rescarch aned Federal libraries often serve as
sources of 8TIL

Secondary services provide access to the
literature through such means as A&l
publications; machine-reacdable bibliographic
data buses; national and other bibliographies;
and review publications. Among the secon-
dary literature sources, A&l services play an
important role in providing the intellectual
access and organization of the scientific
literature which allows it to be accessed
effectively by scientists and engineers engag-
ed in research activities. While concentrating
primarily on the journal literature, A&l
services treat all literature to some extent, and
provide scientists with current awareness of
materials relevant to their fields of interest as
well as guides for retrospective search of the
world's literature. The products of A&l serv-
ices include both printed indexes and
machine-readable bibliographic data hases.

As mentioned. libraries are usually
classified as academic. public or special
according to the primary clientele they serve,
In general, academic and special libraries play
a more significant role in the dissemination of
STI than do public libraries. Two groups of
libraries which fit into mare than one of the
three classifications and serve as important

Csources of STI are research libraries and

Federal libraries.

Research libraries, as represented by the
membership of the Association of Research
Libraries (ARL) in the discussions which
follow, build and maintain extensive collec-
tions of research literature. They preserve the
record of the achievements of S&T as reflected
in the published literature. It is these libraries
that assume the major responsibility for
ensuring that research materials are available
to scientists and other scholars when they are
needed. The Federal libraries inclnde a number
of specialized libraries. Of the 2,313 Federal
libravies identified in 1972, 43 percent were
classified as special or technical. Among these
were the three national librarvies including the
Library of Congress, the National Library of

5o

Medicine, and the National Agricultural
Library. Each of these libraries provides
extensive informational services to bhoth
individual scientists and to other libraries.

Closely related to libraries, information
cenlers also play arolein the S&T communica-
tion process. Like special libraries, informa-
tion centers are characterized by limited
subject areas. In addition, the term informa-
tion center implies a greater depth of analysis
and control and frequently more advanced
services such as evaluation and synthesis of
material. Information centers may alsoinclude
raw cdata among the materials held.

Unfortunately, there is little information
that expresses library resources in terms of
STI services and products. Trends are given
below, in the absence of STI data. for number
of libraries, total library expenditures, and
material expenditures. These data are given
for academic libraries, special libraries, public
libraries, Federal S&T libraries, and a sample
of 58 ARL. Trends in the number of libraries
are displayed in Figure 60, As shown, the total
number of libraries has increased 30 percentin
the last 10-year period, from 14,000 in 1964 to
over 18,000 in 1974. Within this period, the
number of academic libraries and public
libraries has increased 24 percent each, and
special libraries 40 percent. In 1974, public
lihraries made up about 44 percent of the total
population, special libraries 41 percent, and
academic libraries 15 percent.

The number of academic ARL libraries has
increased from 74 in 1964 to 82 in 1974, an 11
percent increase.! Growth in Federal S&T
libraries has been significant, with the number-
of such tibraries almost doubling between
1965 and 1972, In 1972, there were 995 Federal
S&T libraries.

Total expenditures for S&T library ae-
tivities is computed by estimating the propor-
tion of total expenditures which aredevoted to
science and technology. The principal factors
affecting these costs are the percentages of
S&T material expenditures and S&T service
expenditures [(circulation, reference, inter-
library loan). Precise data are not available for
all libraries but information from several
individual libraries suggests that aboul 50
percent of the academic library expendilures

“ARL membership also includes o nnmber of non-
university libraries. Tn 1975, there were 88 academic
members and 11 others Tor a lotal of 99,
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 Figure 60
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< and public libraries (1960-1974) -

© (Number in Thousands)
20

Total

Pubtic libraries

Special hibraries

Academic lthrares
’--_—-—-----

-
---———

S [ I S A T Y D |
460 ‘62 ‘64 ‘66 ‘68 '70 2 ‘74
Year

v
1

SOURCE  The Bawker Annual of Library and Bogk Trade Information, R. R. Bowker
ZTompany, 13611975
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and ') percent of the public library expen-
diturc.. are devoted to science and technology.
Federal S&T library expenditures areincluded
entirely in the estimates below. Expenditures
for non-Federal special libraries are not
known so that these expenditures are not
included. The total expenditures are compuled
by applying the estimated proportions and
summing the resultant academic, public, and
Federal S&T library expenditures. Figures 61
and 62 show lotal S&T library expendilures
through 1980 in current and constant dollars.
In 1974, tolal expenditures were over $700
million. In constant dollars, expenditures for
each library type and for all STI library
activity appear to have peaked in the 1972-
1973 period and to continue on a level trend
through 1980.

One statistical indicator of library expen-
ditures in S&T is the library expenditures per

Figure 61
U.S. S&T library expenditures in
current doflars (1960-1980)

{Millions of Dollars)
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scientisl (including science and engineering
graduate students). Results of this computa-
tion are given in constant dollarsin Figure 63.
The average expenditure per scientist in
constant dollars rose from $110 in 1960 to a
peak of $175 in 1972 and then decreased to
$164 in 1974. The expenditure (in constant
dollars) per scientist is expected to remain at
about the 1974 level through 1980.

Library material expenditures showed a
large increase from 1960 to 1974. These
expenditures for S&T activities were es-
timated in the same manner as total expen-
ditures, again omitting non-Federal special
libraries because of lack of data. Results are
shown in Figures 64 and 65 in current and
conslant dollars. In constant dollars, the
estimated S&T material expenditures in-
creased over 250 percent belween 1960 and
1974, going from $41 million to $145 million.
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Figure 62
U.S. S&T library expenditures in
-constant dollars (1960-1980)
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This increase also represented a slight rise in
the proportion of total expenditures spent on
materials.

Increases in malerial expenditures were
greatest for the academic libraries, where, in
constant dollar terms, they amounted to 279
percent between 1960 and 1974. This could be
a response to increases in the number of
scientists served. the volume of available
materials, and the price of available materials.
In terms of the actual number of volumes
addedd, academic libraries acquired 9.4 million
volumes in 1960 and 25.0 million in 1974, a 166
percent increase. Growlh was greates! prior to
1970. The acquisition role in ARL libraries has
followed a similar pattern.

Subtracting library material expenditures
from total expenditures, a figure is derived
which can be identified as service costs. These
costs. which primarily reflect salaries, are
shown in Figure 66 in current and constant

H6
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dollars. An equal distribution issumed in
apportioning these costs to the thice functions
with which libraries are involved (acquisition
and storage, organization and control, and
identification and access). Thus one-third of
librury service costs are atiributed to the
purchase and maintenance of a collection, the
creation of catalogs and other identification
aids as well as provision of reference, circula-
tion, and other services.

Absiracting and indexing services play a
role in organizalion and control of the
literature and also in its identification and
accessing by the user. As with libraries, data
on the S&T components of A&l services, are
scarce. The best source of available data is
NFAIS.

The NFAIS has estimated that there were
approximalely 2,100 A&l services worldwide
in 1974. These range considerably in size.
NFALIS itself includes a number of the largest
noncommercial A&l services, and had a total
of 29 members in 1974 which includes 28 U.S.
and one foreiun affiliate. These organizations
make up a substantial portion of U.S. A&l
operations.
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Statistics on the number of items processed
by U.S. NFAIS members are displayed in
Figure 67. Growth was from 588,000 items
processed in 1960 to 1.4 million items process-
ed in 1974, an increase of 145 percent. These
figures include overlap, that is, duplicate
coverage of a single item by fwo or more
organizations. In addition, the amount of
overlap can vary from vear to year, For these
reasons, the number of items processed cinnot
be considered representative of the size of the
literature.

Another indicator of the volume of abstrac-
ting and indexing in the U.S. is the number of
citations included in the data hases provided
by two major commercial search services
{Lockheed's DIALOG and the SDC Search
Service).

Figure 64
U.S. S&T library material expenditures
in current dollars (1960-1980)
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These organizations provide on-line com-
puler access to the world's principal data
hases, and their coverage and usage have
increased rapidly in recent years. Currently
{18976). the two systems include a total of 46
data  bases containing over 13 million
citations. These data bases are increasing at an
annual rate of over 3million citations per year,

Estimated costs incurred by the A&l serv-
tces in treating the S&T literature are shown in
Figure 68 and 69 in current and constant
dollars respectively. Also shown are library
costs associated with organization and control
of the literature, as derived previously.
Together these two costs make up the total
estimated cost of the organization and control
function.

Figure 65
U.S. S&T library material expenditures
in constant dollars (1960-1980)
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Both libraries and secondary services play
important roles in the identification and
accessing functions. Abstracting and indexing
publications, bibliographic data bases, and
library catalogs all describe the S&T literature
in such a way as to facilitate the identification
of relevant material by a potential user.
Libraries serve as a major storehouse of, and
thus, access point to literature collections.

The author survey part of this study
provides information about the ways in which
scientists identified and gained access to
articles which they cited. These data, reflec-
ting both the use of libraries and secondary
services and other methods, are presented asa
part of the discussion of scientists’ informa-
tion activities in Chapter 5,

The use of A&I services, including abstrac-
ting publications and retrospective and
current awareness searches of machine-
readable bibliographic data bases, accounted

CFiglre 66 Lt e

'U.S./ S&T library service expenditures (1960-1 0)
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for about 18 percent of the total uses reported
by survey respondents. This percent vargied
significantly among scientific fields, the most
substantial being in the Physical Sciences and
Engineering. The smallest percentages were
observed in Mathemnatics and the Environ-
mental Sciences.

From the survey, the use of A&I services
appeared to be declining slightly in relation to
other identification methods. Other sources,
however, suggest that the use of computerized
literature searches, particularly via on-line
systems, is expanding rapidly. These, then,
should play an important role in identification
in the future.

Figure 70 is a graph showing an estimate of
the number of interactive bibliographic
searches made in the U.S. The increase
between 1971 and 1974 as shown is nearly 160
percent and even more rapid growth is
anticipated in the future. Other sources
suggest the growth in the use of commercial
services may be as much as 50 to 100 percent
each year.

Direct identification of journal articles
through library subscriptions was.reported in

Figure 67 e e ,
Number of items processed by U.S. National
Federation Cf Abstracting And Indexing
Services members (1960-1980)

(Number in Thousan+s) ) '

2000

~— Projected

1560

1000

500__
ol Lt rt bty
1950 62 64 ‘66 ‘68 !0 72 7 % '8 ‘a0

Year

SOURCE: NFAIS Member Service Statistics (1960-1974)
Xing Research, Inc., Center for Quantitative Sciences 11975-1980)



O

ERIC

Aruitoxt provided by Eic:

the author survey as making up about 18
percent of the total direct identifications
{Figure 73). Again, the percenlage varies
among the fields of science, with the scientists
in the Social Sciences, Computer Science and
Engineering utilizing library subscriptions
heavily (69 and 41 percent of all direct identi-
fications respectively) and those in
Mathematics and the Physical Sciences mak-
ing less use of library subscriptions {14 and 21
percent  of all direct identifications
respeclively, )

Access sources considered in the author
survey included authors, colleagues, journal
publishers, and libraries. A substantial
proportion of all accesses, nearly half, were
made through library subscription copies.
{See Figure 76). In 1974, this also represented
about 60 percent of all accesses through
subscriptions. Comparing this with the per-
cent of journal subscriptions which go to

Figure 68

Estimated cost of organization and
control 47 the S&T literature
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libraries (40 percent in 1974), apparently
proportionately more use is made of library
subscription copies than individual subscrip-
tion copies, as one might expect. Libraries are
used particularly heavily for access to the
older literature.

Access through library subscription copies
may include both use of ajournal actually held
by the scientists’ primary library, or the
acquisition of the article from another library
by interlibrary loan (ILL). The volume of ILL
throughout the U.S. is substantial, and the
development of the ILL system has been
fostered by recent developments in library
cooperation and networking. A 1972 estimate
of the total number of ILL made (both
periodicals and other materials) was slightly
uver four million transactious, and observa-
tiun of current trends in individual libraries
and lihrary systems suggests that this figure
will have doubled by 1980.

Figure 69 — s
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Figure 70
Growth of interactive bibliographic searching
in the U.S. (1966-1975)
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Chapter 5

Growth in the Information Activities
of Scientists and Engineers

As indicated previously, scientists and
engineers make the greatest contribution to
resources expended in scientific and technical
(S&T) comnmunication. Therefore, indicators
concerning their numbers and their contribu-
tion to communication resource expenditures
are essential for understanding trends in
communication indicators.

This section discusses the activilies sur-
rounding the preparation and recording of
scientific and technical information {ST1), and
also the activities associated with identifica-
tion of and access to information transmitted
through formal journal channels. Data based
on citation analysis are also presented which
indirectly measures the assimilation and use
of information presented through these
channels, Sources drawn upon are an author
survey and other research relevant to

statistical indicators of information transfer.

HIGHLIGHTS

® Cosls associated with scientists and
engineers are the lurgest contribution by
all participants to total communication
resource expenditures. These costs in-
clude  composition.  recording,  and
assimitation of information, which collec-
tively amounted to $1.3 billion in 1960
and 85.4 billion in 1974, This reflects an
average annual growth rate in costs of
10.6 percent. Composition and recording
costs increased from $340 million in 1960
to $1.8 billion in 1974, an average annual
increase of 12,9 percent, The growth rate
for assimilation was slightly lower at 9.7
percent, ranging from $980 million in
1960 to $3.6 billion in 1974. In all, costs
associated with scientists” and engineers’
activities accounted for 65.5 percent of

total  communication resource expen-
ditures in 1960 and 63.7 percent in 1974,

® A significant component of the overall
transfer of STI is the total resource
devoted to the use, or assimilation of the
published literature. By estimating this
by the amount of time spent reading the
literature, journals were found to account
for the largest proportion of resources
devoted to assimilation or use of the
literature. The total cost of labor time
devoted to reading literature is estimated
at $4.0 billion in 1975 and is projected to
rise 59 percent between 1975 and 1980.

e Scientists and engineers generally rely
more upon examination of journal sub-
scription issues or use of referenceslisted
in other articles, books, or reports, than
upon formal indexing or abstracting tools
for initially identifying journal articles
which they cite in their own articles.
Significant differences appear to exisl
among fields of science in methods used
by authors to identify their cited articles.

® Journal articles used for citation were
obtained  most  frequently  through
libraries {50.8 percent), with personal
journal  subscriptions  (20.6  percenl),
reprints (16.1 percent) and colleagues
(12.5 nercent), following in that order.

DISCUSSION

In the information transfer spiral, scientisls
and engineers initiate activity by authorship
of documents. Thevalso serveas the recipients
and users ol published materials, after
publishers and libraries have played their
roles. Use of the literature in turn leads to

63
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further research od generation of informa-
tion, and again teoauthorship,

There were 12 million  scientists and
engineers in the ULS, in 1960 and 2.0 mitlion in
1975; an overall increase of 75 percent or an
average annual increase of 3.8 percent over
this period. Growth is expected to continue al
about 2.7 percent per vear Lo 1980, These data
are hased on an analysis of secondary sources
senerated by the National Science Foundation,
the (1S, Departinent of Labor, and the tLS,
Census Buvean. Included are scientists and
encineers in each of the nine NSEF fields of
science—Physical  Sciences,  Mathematics,
GComputer Science and Fngineering, Finviron-
mental Sciences, Engineering, Life Sciences,
Psvehology,  Social  Sciences, and  Other
Sciences,

In 1960 there were 406,000 research and
development (R&D) scientists in the .S, and
in 1974 there were 62:2.000; an overall growth
of 53 percent or an average annual increase of
3.1 percent. Growth is only expected to
continue past this point, at an average annual
inceease of 1 percent. R&D scientists as a
prreent of total scientists emploved peaked
between 1964 and 1967 at almost 38 percent.,
Decreasing percentages were then observed
throvgh 1974, and are expected to continue to
decrease  through 1980, However,  these
proporticns, as reported by NSF.are based on
“natural” scientists and engineers (thus ex-
cluding social scientists at teast) and full-tinie
eguaivalents, In addition, State and  local
sovernment R&D emplovment is not included.
Whether or not the decrease would remain
with thuese factors represented. remains un-
answired,

As shown previously. the
scientists and engineers account for a major
portion, about 65 percent, of total S&T
communiciation resource  expenditures. In-
cluded in these expenditures are the costs of
authorship and of assimilation and use of the
literature. Available data on each of the
areas are discussed in the remainder of this
chapter as are datia on the methods used by
scientists in identifving and aceessing the
Hiterature

There is little information in the literature
concerning the processes involved in composi-
tion and recording of information. Some data,
however, are provided by o study per-
formed] 1 for the National Science Foundation
voncerning the journal Hterature, This study
provides some evidence concerning the ac-

-

activities of

64

tivities involved in preparing journal articles,
the labor time required in these activities, and
hence, the costs involved. The composition
and recording functions are extremely impor-
tant to the journal system since quality of
articles is lurgely established in these func-
tions. Furthermore, the costs involved in these
processes are large and likely to exeeed the
costs involved in reproduction and initial
distribution of articles.

Based on the study above, one can estimale
the cost of composition and recording for the
journal literature. This includes these ac-
tivities performed by authors and their sup-
port staff, reviewers and editors. Making some
gross assumptions, similar estimates are made
of the cost of composition and recording of
hooks. reports, dissertations, and patents. The
combined results of these caleulations are
shown in Figure 71. As shown, composition
and recording costs increased substantially in

Figure 71
Cost of compasition and recording
in currentand constant dollars (1960-1980)
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the 1960 to 1974 period, going from over $300
million in 1960 to over $ 1L.84 billion in 1974, In
constant dollar terms, this is an overab
increase of 232 percent, equivalent to an
average annual increase of about 8.9 percent,
Costs are expecled to continue increasing at
about this same rate aver the next 5 years. The
reasons these cousts have gone up so much and
will continue to do so is that they reflect
increases both in the number of items produc-
ed and in sualaries,

A survey of journal article authors was
conducted as part of this study. Of particular
interest are the responses authors gave con-
cerning other journal articles which they cited
in their own articles. Author responses on (1)
how they became aware of articles, and (2)
how lhvv obtained physical access to these
articles, should be useful as statistical in-
dicators of the use of the formal S&T journal
literature,

Authors of journal articles published
between 1968 and 1975 were contacted by
mail. Because of probable recall problems
associated with obder articles, only articles
published in 1973. 1974, and 1975 are included.
The sample size for this study was 2,173

authors and the numberof used responses was

956. Thus. the response rate was 44 percent,

Methods of identification of the journal
literature can  he classified uas direct or
indirect. Indirect identification implies that
the user first learned of an article through a
formal or informal reference to it, such as an
abstract in a Selective Dissemination of
Information (SDI) service. Direct identifica-
tion comes. not through a reference, but from
direct contact with the actual article such as
with one’s journal subscription or as when a
relevant article is discovered serendipitously
while browsingin thelibrary. Figure 72 shows
the total number of journal articles identified
by direct and indirect methods for 1973, 1974,
and 1975,

Subdividing the nwthods of article iden-
tification further. Figures 73 and 74 show,
respectively, the major direct and indirect
aclivities. Direct identification methods dis-
played in Figure 74 include individual sub-
scriptions. library subscriptions and reprints
and preprints. Direct identification accounted
for about 40 percent of all journal article
iddentifications overall, Within this 40 percent,
individual subscription copies were moslt
often nientioned as the method of access used.

Figure 72
- Article identiﬁcatlon muthods

{Number in l‘housmds)
2,000

Total

1,500 —

1,000 }—
Inditect
.-———————-----

--.m

Direct
sw —
0 |
1973 v 74 75
Year article cited

SOURCE: King Resaarch, Inc., Center for Quantitative Sciences, Aut
(1993, 1974, {975 Selacted Data} ciences, Author Survey

Indirect identification procedures include
reference to an article by a colleague or co-
worker; reference made by another article,
book, or report; use of printed indexes or
catalogs: use of a computerized literature
search: and use of a current awareness or SDI
system. Since the last three methods were
emploved cinfrequently, they are grouped
together in Figure 74,

As shown. a reference in an article, book, or
report was the indirect identification methaod
mentioned most frequently by journal article
authors. References by coleagues also played
a significant role. A slight decrease in the use
of abstracts and indexes was observed. This
result represents mostly the use of printed
indexes and catalogs, with a small number of
SDI searches made over the years and a small
but increasing number of computerized
Hierature searches.
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Figure 73
Percent of total article identifications
made by direct article identification

methods
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Year article cited

SOURCE Km; Research, Inc., Center for Quantitative Sciences, Author Survey
973, 1974, 1975 Selected Data)

Considering  miethods o access to  the
literature, one co. & aguish both between
the various souirces  of  access—library,
publisher, author, and colleague—and also
between subscription and nonsubscription
forms of access. The breakdown among
sources of access is shown in Figure 76.
Libraries are consistently the most often used
access source. Access directly from authors
(i.e.. through author reprints or preprints) and

Figure 75 displays aggregated 1973, 1974,
and 1975 author survey data by field of
science. There appear to be significant
differences among the various fields of science
in the way cited articles are identified. Social
Sciences show the greatest disparity between
use of subscriptions {say, by browsing
through one's own or a library's copy} and
identification through receiving a reprint or
preprint or through other sources. Physical

66

oy
o2}

" Parcent ot tottl article identifications:
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105 Abstract/Index
-----------------.
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SOURCE: Ki n’ Rescarch, inc., Center Jor Mﬂtaﬂn Sekm Author Survey
. {1973, 1974, 1975 uetnm

Sciences, Mathematics, Life Sciences, and
Other Sciences show the strongest use of
references in other articles, books, or reports.
Reliance upon theidentification of an article to
be cited by means of formal indexing or
abstracting tools is low in all fields.
Considering methods of access o the
literature, one can distinguish both between
the various sources of access—library,
publisher. author, and colleague—and also
between subscription and nonsubscription
forms of access. The breakdown among
sources of access is shown in Figure 76.
Libraries are consistently the most often used
access source. Access directly from authors
(i.e., through author reprints or preprints) and
access through colleagues have increased
slightly. The volume of accesses by means of
individual user subscriptions and the
purchase of reprints from publishers, has
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Figure 79
Article identification by field of science
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grown substantially inrecent years. L appears
that the use of subscriptions for obtaining
access to eited artieles has risen nearly
proporational to the rise in the total number of
articles cited, At the same time, the access
through  nonsubscription  forms  {reprints,
preprints, ete.) has remained fairly constant,

In order to estimate total resources expend-
ed by scientists and engineers on reading the
literature, several studies summarized in the
SATCOM report|5] were used. Based on these,
overall averages of reading time per scientist
were assumed. The average lime spent by
scientists is assumedto be 83.2 hours spent per
vear reading journals, 41.6 hours per year
reading S&T books, and 2 hours reading each
report ordered from the Nalional Technical
Information Service and the UL.S. Government
Printing Office. The resulting estimates of the
steadily increasing cost of assimilation and
use of the S&T literature are shown in Figure
77.

Figure 76
Relative use of sources of access to cited
articles, by year of citing article
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Figure 77

Estimated total cost of assimilation of
S&T literature (1960-1980)
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Table 2. Total S&T communication resource

expenditures: 1960-1980

[Millions of doliars]

Table 3. Total S&T communication rescurce
expenditures, gross national product and
research and development funds in

[Billions of dollars]

current dollars; 1960-1980

Expenditures Expenditures R&D  Communication
Year (Current §) (Constant $)° Year GNP! Funds?  Expenditures?®
1960 .....oociiiiiinnn 2,013 2,292 1960 ........ 503.7 13.551 2.013
1961 .. il 2,264 2,545 1961 ........ 520.1 14.346 2.264
1962 ... i 2,490 2,768 1962 ........ 560.3 15.426 2.490
1963 .. ..iiiiiiiiiian 2,737 3,003 1963 ........ 590.5 17.093 2.737
1964 .. ..o 2,925 3,160 1964 ........ 632.4 18.894 2.939
1965 .. ..o 3,279 3,478 1965 ........ 684.9 20.091 3.279
1966 ........ciiiiinnn 3,712 3,831 1966 ........ 749.9 21.894 3.712
1967 . i 4,212 4,212 1967 ........ 793.9 23.205 4.212
1968 ... .ot 4,673 4,492 1968 ........ 864.2 24.669 4.673
1969 ... ... i 5.267 4,831 1969 ........ 930.3 25.686 5.267
1970 oo 5,846 5,083 1970 ........ 977.1 26.047 5.846
1971 (i 6,402 5,326 1971 ........ 1,054.9 26.745 6.402
1972 o e 6,939 5,584 1972 ........ 1,158.0 28.402 6.939
1973 . e 7.751 5,906 1973 ..., 1,294.9 30.427 7.751
1974 .. 8,525 5,893 1974 ... ..... 1.396.7 32.045 8.525
Projections Proje=tions
1975 o i 9,431 5,965 1975 ........ 1,475.2 334.345 9.431
1976 ... 10,504 6,226 1976 ........ 1,680.5 36.469 10.504
1977 i e 11,595 6,437 1977 ... 1,878.3 38.867 11.595
1978 o 12,684 6,588 1978 ........ 2,065.2 41.605 12.684
1979 ..o 13.889 6,780 1979 ........ 2.273.6 44.761 13.884
1980 ...l 15,128 6,941 1980 ........ 2,499.1 48.432 15.128
* GNP implicit Price Deflator (1975-1980 NPA) used to obtain 1967 Constant SOURCES'

Dolars

SOQURCE King Research, Inc, Center for Quantitative Sciences

' Economic Report of the President. February 1975 GNP, 1960-1974

National Planning Association, 1975-1980.

¢ National Science Foundation, National Petterns ol R&D Resources. 1953-
1975 (NSF 75-307)
' King Research, Inc, Center for Quantitative Sciences.

<
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Table 4. Ratio of S&T communication resource Table 7. S&T communlication resource expenditure

expenditures to GNP: 1960-1980 per scientist or engineer in current
and constant doliars: 1960-1980

Expenditures Expenditures/ [Thousands of duliars]
year GNP (10-%) Year GNP = " ;
Expenditures/ xpenditures
:gg? :g 18;; o 2(1) Scient[sts and Scientjsts and
1962 ..... 4.4 1973 ..... 6.0 Engineers Engineers
1963 ..... 46 1974 ... 6.1 Year (Currant $) (Constant §)
1964 ..... 47 Projections 1960 ........ 1.74 1.98
1965 ..... 4.8 1975 ..... 6.4 1961 ........ 1.87 2.10
1966 ..... 5.0 1976 ..... 6.3 1962 ........ 1.49¢ 2.18
1967 ..... 5.3 1977 ..... 6.2 1963 ........ 2.0 2.23
1968 ..... 5.4 1978 ..... 6.1 1964 ........ 2.0 2.27
1969 ..... 5.7 1979 ..... 6.1 1965 ........ 2.27 2.41
1970 ..... 6.0 1980 ..... 6.1 1966 ....... 2.47 2.55
1967 ........ 2.67 2.67
SOURCE King Research. Inc.. Center for Quantitative Sciences. 1968 ........ 2.83 2.73
1969 ........ 3.05 2.80
1970 ........ 3.25 2.83
1971 ........ 3.49 2.90
1972 ........ 3.71 2.99
1973 ........ 4.03 3.07
Table 5. Ratio of S&T communication resource 1974 ........ 4.32 2.99
expenditures to research and development funding: Projections
1960-1980 1975 ........ 4.65 2.94
- 1976 ........ 5.05 2.99
Expenditures/ Expenditures/ 1977 ...l 5.42 3.01
Research and Research and 1978 ........ 578 3.00
Year Development Year Development 1979 ........ 6.16 3.01
1960 ..... 15 1971 ... .24 1980 ........ 8.54 3.00
1961 ..... .16 1972 ... .24
1962 ..... 16 1973 ..... 25 * GNP Implicit Price Deflator (1975-1980 NPA) used to obtain 1967 Constant
1963 ..... 16 1974 ..... 27 Dollars
1964 ..... 15 Projections SOURCE. King Research, Inc.. Center for Quantitative Sciences.
1965 ..... .16 1975 ..... .27
1966 ..... A7 1976 ..... .29
1967 ..... .18 1977 ... .30 Table 8. Ratio of S&T communication resource
1968 . .... 19 1978 ..... .30 expenditure per scientist to median
1969 ..... 20 1979 ..... 31 scientists’ salaries: 1960-1980
1970 ..... 22 1980 ..... 31 3
ya Expenditure per
SOURCE King Research. Inc Center lor Quantitative Sciences : Scientist/Averago
Year Scientists' Salaries
1960 it .185
1961 i e e .193
1962 . e e .196
Table 6. Estimat. .mber of 1823 ...................... :gg
scientists and engineers: 1960-1980 1965+ venee s 1199
1966 ..o e .204
(Thousands] 1967 oo UDUIRNI 208
Scient_ists and Scientjsts and ng ............................. g};’
Year Engineers Year Engineers 1970 oo, 215
1960 ..... 1.159 1971 ... 1,834 1971 e e 219
1961 ..... 1.210 1972 ... 1,871 1972 e 223
1962 ..... 1,272 1973 ..... 1,923 B 2< T N 225
1963 ..... 1.346 1974 . ... 1,973 1078 e i e .224
1964 ..... 1.396 Projections Projections
1965 ..... 1,442 1975 ... 2,026 1975 e £ 4
1966 ..... 1,501 1976 ..... 2,081 1975 e e e e 225
1967 ..... 1,578 1977 ... 2,138 1977 i e e e 226
1968 ..... 1,649 1978 ..... 2,195 1978 e e .227
1969 ..... 1.725 1979 ... 2.255 1979 e e e e .227
1970 ..... 1,797 1980 ..... 2,314 1980 i e 229
SQURCE King Research, Inc . Center for Quantitative Sciencs- SOURCE. King Research. Inc . Cenler for Quantitative Sciences.
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Table 9. Total 3&T communication resource expenditures
by medium in current doliars: 1960-1980

[Millions of dollars]

Other

Year Books Journals Reports L -rature Total
1960 .. 571 1,277 22 141 2,013
1961 ... 631 1,461 26 143 2,264
1962 ... 688 1,616 28 157 2,490
1963 ..o 752 1,788 32 165 2,737
1964 ... ...l 817 1,897 34 177 2,925
1965 ....iviviiuiiitn 901 2,105 57 214 3,279
1966 ...oivuiivnnnn, 1,004 2,384 105 219 3,712
1967 ...l 1,116 2,724 135 235 4,212
1968 ... c.iiiiina 1,235 3,042 133 264 4,673
1969 ... e 1,376 3,410 175 306 5,267
1970 ... 1,519 3,789 205 334 5,846
1971 . 1,660 4,145 239 360 6,402
1972 e 1,777 4,491 305 365 6,939
1973 .. 1,953 5,034 364 400 7,751
1974 ...l 2,144 5,559 388 433 8,525

Projections

1975 ... N 2,352 6,114 471 494 9,431
1978 ... 2,570 6,852 539 543 10,504
1977 o 2,807 7.572 619 597 11,595
1978 e 3,039 8,304 693 648 12,684
1979 ... 3,288 9,108 781 707 13,889
1980 ... 3,538 9,943 877 770 15,128

SOURCE King Research. tnc. Center for Quantitative Scrences

\

Table 10. Total S&T communication resource expenditures
by medium in constant dollars: 1960-1980

[Millions of constant 1967* dollars]

Other

Year Books Journals Reports Literature Total
1960 ..o 650 1,454 25 161 2,292
1961 ... 709 1,642 29 161 2,545
1962 .o 765 1,796 31 174 2,768
1963 ..o 825 1,962 35 181 3,003
1964 ... ...l 883 2,049 52 191 3,175
1965 c.iiiii 956 2,233 60 227 3,478
1966 ...l 1,036 2,460 108 226 3,831
1967 ... 1,116 2,724 135 235 4,212
1968 ... 1,187 2,925 128 254 4,493
1969 ... 1,262 3,128 161 281 4,831
1970 e 1,321 3,294 178 290 5,083
1971 1.381 3,448 199 299 5,326
1972 . 1,430 3,614 245 294 5,584
1973 e 1,488 3,836 277 305 5.906
1974 ... .. 1,482 3,843 268 299 5,893

Projections

1975 e 1,488 3,867 298 312 5.966
1976 ... 1,523 4,061 319 322 6,226
1977 1.558 4,204 344 331 6,437
1978 o 1,578 4,313 360 337 6,588
1979 ...l 1,605 4,446 381 345 6,780
1980 ... 1,623 4,562 402 353 6,941

* GNP Imphcit Price Deflator (12 >-1980 NPA) used to obtain 1967 Constant
Doitars

SOURCE King Researcn. Inc . Center for Quantitative Sciences
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Table 11. Toiui S&T communication resource expenditures
by ps.ticipants in currant dollars: 136C-1980

[Milliuns of dolars]

Scientist Scientist

Year (Author)  Puolisher Library (User) Total
1630 .. ..o e, 337 154 540 982 2,013
196" . ... . 403 183 622 1,056 2,264
1962 . . ....ieee.... 424 245 676 1,145 2,490
1963 L..iiiiiiiiee. . 452 267 740 1,248 2,737
1854 L 503 295 796 1,331 2,939
1885 e 597 320 883 1,479 3,279
1968 ...ovviiiiiinnnnn. 711 356 979 1,666 3,712
1967 ..oivviiiinn. 834 416 1,094 1,868 4,212
1968 ....... . e 939 474 1,233 2,026 4,673
1969 ..ol 1,065 548 1,376 2,278 5,267
1970 ..o 1,202 616 1,516 2,512 5,846
1971 e 1,342 684 1,669 2,709 6,402
1972 e 1,464 762 1,793 2,920 6,939
1973 i 1,670 851 1,972 3,258 7,751
1974 ..., 1,844 933 2,164 3,584 8,525

Projections

1975 e 2,055 960 2,419 3,997 9,431
1976 ... 2,384 1,037 2,655 4,430 10,504
1977 e 2,660 1,118 2,924 4,892 11,595
1978 ... 2,941 1,201 3,200 5,343 12,684
1979 ..., 3,245 1,289 3,508 5,844 13,884
1980 ....iiiiiiinnn... 3,555 1,379 3,850 6,338 15,128

SOURCE. King Research. InC., Center for Quantitative Sciences.

Table 12. Total S&T communication resource expenditures
by participants in constant dollars: 1960-1980

[Millions of constant 1967* dollars]

Scientist Scientist

Year (Author})  Publisher Library (User) Total
1960 ....cviiiiiiiann. 384 175 615 1,118 2,292
1961 ..o 453 206 699 1,187 2,545
1962 ..., 471 272 751 1,273 2,768
1963 ... 529 293 812 1,362 3,003
1964 ...l 543 319 860 1,433 3,175
1965 ..o, 633 339 937 1,585 3,478
1966 .......cceeenn..n 734 367 1,010 1,719 3,831
1967 ..o 834 416 1,094 1,868 4,212
1968 ... it 903 456 1,185 1,948 4,493
1969 ... 977 503 1,262 2,090 4,831
1970 . i 1,045 536 1,318 2,184 5,083
1971 i 1,116 569 1,388 2,254 5,326
1972 1,178 613 1,443 2,350 5,584
1973 1,273 648 1,503 2,483 5,906
1974 ... ..l 1,275 645 1,496 2,478 5,893

Projections

1975 i 1,300 607 1,530 2,528 5,966
1976 ..., 1,413 615 1,574 2,626 6,226
1977 e 1,477 621 1,623 2,716 6,437
1978 .. i 1,528 624 1,662 2,775 6,588
1979 ... 1,584 629 1,712 2,853 6,780
1980 ......iieieennn.. 1,631 633 1,766 2,908 6,941

* GNP implicit Price Deflator (1975-1980 NPA) used to obtain 1967 Constant Dollars.

SOURCE King Research. Inc . Center for Quantitative Sciences Based on Table 11.
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Table 13. Total S&T journal communication resource expenditures

by participants: 1950-1980

{Millions of dollars]

Scientist Scientist

Year (Author)  Publisher Library (User) Total
1960 ... ..iiiiiial, 204 88 331 654 1,277
1961 .oiviit e 263 113 381 704 1,461
1962 ..vviiiiiiian 269 172 412 763 1,616
1963 ....iiiiiiininnn 316 189 451 832 1,788
1964 ... 319 208 483 887 1,897
1965 viivvivvnnnnnens 357 227 535 986 2,105
1966 ....vvvinninnnn- 452 250 592 1,090 2,384
1967 i 559 294 659 1,212 2,724
1968 .....iiiiieennann 636 342 739 1,325 3,042
1969 ....ciiiiiininnn 707 400 823 1,480 3,410
1970 o.iiiiiiee e 794 460 907 1,628 3,789
1971 e 890 512 993 1,750 4,145
1972 e 989 574 1,065 1,863 4,491
1973 e 1,143 651 1,174 2,066 5,034
1974 ..o 1,264 720 1,290 2,285 5,559

Projections
1975 oo e 1,400 741 1,445 2,528 6,114
1976 o.iiiiiiieeann 1,655 805 1,596 2,796 6,852
1977 i 1,855 873 1,765 3,079 7,572
1978 .. 2,061 944 1,941 3,358 8,304
1979 .o 2,285 1,019 2,138 3,666 9,108
1980 ..vvvvvinnninnnnn 2,512 1,097 2,364 3,970 9,943
SOURCE. King Research. Inc., Center for Quantitative Sciences
Table 14. Total S&T book communication resource
expenditures by participants: 1960-1980
[Millions of dollars]
Scientist Scientist

Year (Author)  Publisher Library (User) Total
1960 .. ..cvviiennnnnns 14 66 163 328 571
1961 ..o 21 70 188 352 631
1962 ..o 26 74 206 382 688
1563 v 33 77 226 416 752
1964 ................. 40 86 247 444 817
1965 ..o 43 91 274 493 901
1966 v irans 50 104 305 545 1,004
1967 ..o 49 118 343 606 1,116
1968 ...vviiiiiiians 54 128 390 663 1,235
1969 ... o 58 143 435 740 1,376
1970 ... ... el 74 151 480 814 1,519
1971 ... 85 166 534 875 1,660
1972 ... 92 180 573 932 1,777
1973 102 190 628 1,033 1,953
1974 ..., 117 200 684 1,143 2,144

Projections

1975 o 124 206 758 1,264 2,352
1976 ..ot 128 216 818 1,398 2.570
1977 o 152 226 889 1,540 2,807
1978 . 166 237 957 1,679 3,039
1979 ... 182 247 1,026 1,833 3,288
1980 ...vviviiiien 199 1257 1,097 1,985 3,538
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Table 15. Total S&T report communication resource
expenditures by participant: 1960-1980

[Miltions of doliars]

Scientist Scientist
Year {Author}) Publisher Library (User}) Total
1960 ..vvvivvinnnnnnns - - 22 - 22
1961 ovviiiiiinninns - - 26 - 26
1962 ..ivviiiiininnnns - - 28 - 28
1963 ..iiiiiiiiinnnnn - 1 31 - 32
1964 ....iiiiniinnnns - 1 33 - 34
1965 .....iiiiiiiinnns 19 2 36 - 57
1966 ..vvvvnnnnnnnnns 31 2 41 31 105
1967 i 36 4 45 50 135
1968 ......iiieiiinnn. 38 4 53 38 133
1969 .....oiiiie, X 5 59 58 175
1970 ...ieiiiiien, 65 5 65 70 205
1971 it 78 6 71 84 239
1972 . 95 8 77 125 305
1973 e 107 12 86 159 364
1974 ..., 125 12 95 156 388
Projections
1975 i 145 13 108 205 471
1976 e 168 1€ 120 235 539
1977 i 192 19 135 273 619
1978 ..o 216 20 151 306 693
1979 ... 243 22 171 345 781
1980 ...oiiieiiennnns 271 25 197 zi4 877

SOURCE King Research. Inc . Center for Quantitative Sciences

Table 16. Total S&T other media
communication resource expenditures
by participants: 1960-1980

[Millions of dollars]

Scientist

Year {Author) Library Total
1960 ......oivnnnnn 119 22 141
1961 .. ... il 118 25 143
1962 ...l 129 28 157
1963 .. .iiiiinnnn 134 31 165
1964 .............. 144 33 177
1965 ..oviiiiiinnn 178 36 214
1966 .........o..e 178 41 219
1967 ..., 190 45 235
1968 ......iiun.tn 211 53 264
1969 ..., 247 59 306
1970 ..., 269 65 334
1971 oo, 289 71 360
1972 .. 288 77 365
1973 oo 318 82 400
1974 .. oiiiiiiennn 338 95 433

Projections

1975 . ieiiiian 386 108 494
1976 ..o, 423 120 543
1977 ..o 462 135 597
1978 ... . 497 151 648
1979 ... .l 536 171 707
1980 .....ovinennn 573 197 770

SOURCE King Research, Inc . Center for Quantitative Sciences.
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Table 17. Total S&T book titles
published: 1960-1980

Table 18. Total S&T book titles published
as a function of number of scientists
and engineers

RIC

Titles Titles
Year Published Year Published S&r B EScientistf (aorb% )
00k ngineers
}gg? ggég 13;; gggg Year Titles Published’ (Lagged Three Years)
1962 ..... 6,153 1973 ..... 13,522 1963 ........ 7,411 1,159
1963 ..... 7,411 1974 ..... 14,442 1964 ........ 8,871 1,210
1964 ..... 8,871 Projections* 1965 ........ 8,808 1,272
1965 ..... 8,808 1975 ... 14,277 1966 ........ 9,808 1,346
1966 ..... 9,808 1976 ..... 14,753 1967 ........ 8,993 1,396
1967 ..... 8,993 1977 ... 15,228 1968 ........ 9,613 1,442
1968 ..... 9,613 1978 ..... 15,798 1969 ........ 9,645 1,501
1969 ..... 9,645 1979 ..... 16,274 1970 ........ 11,659 1,578
1970 ..... 11,659 1980 ..... 16,884 1971 ..., 12,595 1,649
1972 ........ 13,042 1,725
° King Research. Inc.. Center for Quantitative Sciences. 1973 ........ 13,522 1,797
1974 ........ 14,442 1,834
SOURCE The Bowker Annual of Library and Book Trade information. R. R
Bowker Company. 1962-1975
SOURCES.

' The Bowker Annual ol Library and Bouk Trade Information. R. R. Bowker

Company, 1962-1975.

? King Research. Inc.. Center for Quantitative Sciences.

Table 19. Total S&T book titles published by six classifications: 1960-1980

Sociology Philosophy
and and
Year Agriculture Economics Medicine Science Technology Psychology
1960 ...t e 78 754 520 1,089 698 240
1961 .. 116 1,613 776 1,494 781 283
1962 ..o 142 2,059 952 1,743 931 327
1963 ... s 143 2,487 1,054 2,211 1,157 360
1964 . i e 143 3,272 1,211 2,738 1,125 383
1965 ... . i 135 3.242 1,218 2,562 1,153 490
1966 L. el 144 3.482 1,446 2,958 1,333 446
1967 e e 144 3,611 1,18y 2,367 1,252 432
1025 .. e 125 4,070 1,277 2,407 1,262 473
1963 .. i 130 4,462 1,190 2,352 1,035 476
1970 .. e 133 5912 1.476 2,358 1,141 640
19771 s 162 6,095 1,655 2,697 1,309 677
1972 195 6.415 1,839 2,586 1,425 582
1973 e 191 6,565 2,002 2,714 1,347 703
1974 e 196 6,640 2,281 3,049 1,593 684
Proje«:tions*

1975 200 6.858 1,932 3,148 1,507 660
1976 .. e 224 7.10¢ 1,714 3,501 1,582 667
1977 213 7.285 1,680 3,576 1,765 631
1978 oo 206 7.310 1,956 3,580 1,834 654
1979 . 248 7.413 1,929 3,859 1,957 628
1980 it e 230 7,740 2.055 4,114 2,109 666

* King Research, Inc ., Center tor Quantitative Sciences

SOURCE The Bowker Annualof Library and Book Trade Information. Editions
8-20. R R Bowker Company. 1962-1975
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Table 22. Average price per book: 1960-1980

Average Price Average Price

Year (Current $) (Constant §)*

1960 ...l 8.54 9.72

1961 .., 8.51 9.56

1962 ... 8.84 9.83

1963 ...oiiiiiiiniin. 10.13 11.11

1964 ... ....iiiiiil. 9.67 10.45

Table 20. Average number of copies 1965 . oiiiiiiinnnn.. 10.60 11.24

sold per book title: 1960-1980 1966 1o, 10.86 11.15

1967 ..iiiiiiie 10.81 10.81

1968 .......iien.. 11.12 10.69

Average Average 1969 ..oiviiiiinnnnn. 11.20 10.27

Year Copies/Title Year Copies/Title 1970 o 13.92 12.10

1960 ..... 2,394 1971 ..... 823 1971 16.84 14.01

1961 ..... 1,697 1972 ..... 880 1972 i 16.45 13.24

1962 ..... 1,419 . 1973 ..... 1,037 1973 e 14.20 10.82

1963 ..... 1,082 1974 ..... 789 1974 ..., 18.43 12.74
1964 ..... 1,053 Projections Projections

1965 ..... 1,019 1975 ..... 845 1975 i 17.89 11.32

1966 ..... 1,029 1976 ..... 814 1976 .. 18.88 11.19

1967 ... .. 1,279 1977 ..... 783 1977 oo, e 19.93 11.06

1058 ... 1,260 1978 ... .. 748 1978 . 21.02 10.92

1969 .. ... 1,385 1979 .. ... 718 1979 ..., 22.19 10.83

1970 ..... 975 1980 ..... 684 1980 ... .iiviiiiiinn. 23.39 10.73

* King Research. Inc.. Center for Quantitative Sciences. GNP Implicit Price

SOURCE King Research. Inc, Center 1or Quantitative Sciences.
Deflator (1975-1980 NPA) used to obtain 1967 Constant Dollars.

SOURCE: The Bowker Annual of Library and Book Trade information. Edition
8-20, R.R. Bowker Company. 1962-1975.

Table 21. Average number of book copies

sold per scientist or engineer Table 23. Average receipts per book title: 1960-1980

Average Average Receipts/Title Receipts/Title

Year Copies/S&E Year Copies/S&E {Thousands (Thousands

1960 . 6.98 971 ... 565 Year Current §) Constant $)°
1961 ..... 7.10 1972 ... 6.13 1960 ........ 20.44 23.27
1962 ..... 6.86 1975 ... 7.30 1961 ........ 14.44 16.23
19¢3 ... 5.96 1974 ... 577 1962 ........ 12.55 13.95
1964 ..... 6.70 Projections 1963 ........ 10.96 12.03
1965 ..... 6.23 1975 ... 5.96 1964 ........ 10.19 11.01
1966 ..... 6.73 1976 ..... 5.77 1965 ........ 10.72 11.37
1967 ..... 7.29 1977 ... 558 1966 ........ 11.17 11.53
1968 ..... 7.35 1978 ..... 5.38 1967 ........ 13.82 13.82
1969 ..... 7.75 1979 ..... 5.18 1968 ........ 14.02 13.48
1970 ..... 6.33 1970 ..... 4.99 1969 ........ 15.51 14.23
. 1970 ........ 13.58 11.81
SOURCE .ing Research. Inc . Center for Quantitative Sciences. 1971 ........ 13.87 11.54
1972 ........ 14.48 11.65
1973 ........ 14.73 11.22
1974 ........ 14.54 10.05

Projections

1975 ........ 15.12 9.56
1976 ........ 15.37 9.11
1977 ........ 15.60 8.66
1978 ........ 15.72 8.16
1979 ........ 15.93 7.78
1980 ........ 16.00 7.34

* GNP Imphicit Price Deflator (1975-1980) used to obtain 1967 Constant
Dollars.

SOURCE: King Research. Inc.. Center for Quantitative Sciences
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Table 24. Price versus demand for S&T books ' Table 26. Number of scholarly S&T
jou. .als published in the U.S.: 1960-1980

Avarage Price Average Copies/

Year {Constant §)' Titie? Scholarly S&T
1960 0wt 8.54 2,394 Year Journals Published
1961 ...t 8.51 1,697 1960 ..ot 1,492
1962 ...l 8.84 1,419 1961 oo 1,520
1963 .....oiiiiiiaa, 10.13 1,082 1962 .t e 1,553
1964 ...l 9.67 1,053 1963 ..ot 1,591
1965 ..ot 10.60 1,019 1964 ... 1,628
1966 ......vvvviiiinn, 10.86 1,02y 1965 ..o 1,667
1967 ..o 10.81 1,279 1966 ..ot 1,702
1968 ...l 11.12 1,260 1967 teiiiie i 1,752
1969 ......coiiinial. 11.20 1,385 1968 ... 1,797
1970 ... 13.92 975 1969 ...t 1,823
1971 o 16.84 823 1970 oo e 1,837
1972 oo 16.45 880 1971 e 1,856
1973 .. 14.20 1,037 1972 i 1,887
1974 ...l 18.43 789 1973 L 1,919
1974 e 1,945
SOURCES: ‘ - Proiectinns
' The Bower Annual ol Library and Book Trade Inlormation. Editions 8-20, 1975 ot 2,013
R.R Bowker Company. 1962-1975
¢ King Research, Inc, Center for Quantitative Sciences 1976 ... 2,013
1977 2,041
1978 e 2,074
1979 2,106
1980 ..ot 2,136

RCE: J | Track S . Ki R h. Inc . Center for Quan-
Table 25. Number of world and U.S. S&aT O ournal Tracking Survey. King Research. Inc . Center for Quan

journals published: 1960-1980

Year of No. of Journals No. of Journals
Publication Worldwide' United States’
1960 ........ 18,800 6.335 Table 28. Number of scholarly S&T articles
1961 ........ 23,600 6,465 published: 1960-1980
1962 ........ 23.100 6,6
1963 ........ 26,462 6.78u
1964 ........ 25,573 6.950 S&T Articles S&T Articles
1965 ........ 26,235 7,120 Year Published Year Published
1966 ........ 30,110 7.290
1967 34594 7'500 1960 ..... 105932 1971 ..... 145,458
1068 37182 7670 191 ..... 107,920 1972 ..... 147,162
1080 T 39674 7830 1962 ..... 109.850 1973 ..... 150,311
1970 T 40,431 7920 1963 ..... 111,861 1974 ..... 150,572
1971 .. ) 41930 8.020 1964 ..... 115,299 Projections
""" ' ’ 1965 ..... 120,461 1975 ..... 155.345
1972 ........ 44,676 8.170
1966 ..... 126.349 1976 ..... 158,863
1973 ........ 47,657 8,330
1974 T 40440 8 460 1967 ... 131,708 1977 ..... 161,795
1968 ..... 135,596 1978 ..... 165,312
pp— 1969 ..... 137,545 1979 .....  168.830
' 1961 Gottschalk. CM and Desmond. W F . ‘Worldwide Census of Science 1970 ..... 140,598 1980 ..... 172,348
and Technology Senals.” American Documentation. 14 3 (July 1963)
1963-1974 Line. Maunce B and Wood. D.N "The Effect of a Large-Scale SOURCE" Journal Tracking Survey. King Research, Inc. Center Inr Quan-
Photocopying Service on Journal Sales” Journal ol Documantation ttative Scrences.

{schuduled for publication)

21971 Davey. J S and Smith. ES “The Overseas Services of the Brtish
Library Lending Division.” Unesco Duiletin 29°5 {September- Octobar 1975}
King Hasearch. Inc. Canter lor Quantitative Sciences
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Table 27. Number of scholarly journals published in the nine fields of science: 1960-1980

Environ-
Physical Mathe- Computer mental Engi- Life Psy- Social  Other
Year Sciences matics Sciences  Sciences neering Sciences chology Sciences Sciences
1960 ... 68 32 15 31 250 577 47 498 46
1961 ... 70 33 16 32 250 586 51 514 46
1962 ... 73 34 16 33 251 580 55 519 46
1963 ... 75 35 17 34 251 587 58 533 47
1964 ..ot 77 36 18 35 251 592 62 546 47
1965 . oiiieeiia 80 38 18 36 250 599 66 560 48
1966 .. vviiira 83 39 19 37 250 606 69 573 48
1967 it 89 40 20 39 251 617 73 592 49
1968 ......... ..o 98 42 2T 40 249 627 78 613 49
1969 ...t 108 43 22 41 243 632 82 627 49
1970 . 116 44 22 42 234 634 86 638 " 49
1971 122 45 22 42 227 636 90 649 49
1972 e 121 46 23 43 227 639 93 657 49
1973 . 124 47 24 44 226 646 96 670 50
1974 . ... 125 48 24 45 225 650 99 679 50
Projections
1975 o 133 51 26 47 228 669 105 .J2 52
1976 .. 138 51 26 47 223 661 107 703 51
1977 144 51 27 48 222 663 110 722 50
1978 .. 148 52 28 48 222 670 113 732 51
1979 ... 152 X 28 49 222 674 117 744 51
1980 ... 157 55 28 50 221 678 121 755 51

SOURCE Journal Tracking Survey. King f. varch. Inc . Center for Quantitative Sciences

Table 29. Number of scholarly S&T journal
articles as a function of scientists and engineers

Scientist and

Scholarly S&T Engineers?

Year Journal Articles' {000)
1960 ........ 105.932 1,189
1961 ........ 107.920 1,210
1962 ........ 109,850 1,272
1963 ........ 111.861 1,346
1964 ........ 115,299 1,396
1965 ........ 120,461 1,442
1966 ........ 126,349 1,501
1967 ........ 131,708 1,578
1968 ........ 135.596 1,649
1969 ........ 137,545 1,725
1970 ........ 140.598 1,797
1971 ... 145,458 1,834
1972 ... 147,162 1,871
1973 ........ 150,311 1,923
1974 ........ 150.572 1,973
SOURCES

‘- Journal Tracking Survey. King Research. Inc. Center for Quantitative

Sciences

- King Research. Inc . Center tor Quantitative Sciences
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Table 30. Number of scholary journal articles published in the nine fields of science: 1960-80

Environ-
Physical Mathe- Computer mental Engi- Life Psy- Social  Other
Year Sciences matics Sciences  Sciences neering Sciences chology Sciences Sciences
1960 .........cciil 9,996 1,920 450 961 14,500 65,774 3,102 14,187 3,036
1961 ... e 10,500 2,046 512 1,024 15,000 67,160 3,366 14,740 3,036
1962 ...l 10,950 2,129 539 1,098 15,390 66,531 3,647 14,644 3,022
1963 .. ... 11,489 2,257 621 1,177 15,904 65719 3,758 15532 2,990
1964 ... 11,938 2,519 718 1,416 17,011 64,567 3,877 15,701 3,134
1965 ... ...l 12,698 2,853 760 1,775 18.163 66,730 4,077 14,655 3,194
1966 ... 13,649 3,188 766 2,456 19,154 69,143 4254 13,826 3,538
1967 ...l 14,872 3,484 792 3,421 19,910 69,393 4,354 14,544 3,946
1968 ... ...l 15,981 3,744 851 4,155 20,342 68,853 4,431 16,057 4,444
1969 ... oL 16,397 3,985 918 4,340 20,203 69,208 4,623 16,559 4,938
1970 ...l 17,235 4,155 1,016 1052 20,350 71,502 4,841 16,212 5,395
1971 . 18,673 4,244 1,091 5,781 21,260 74,014 4,894 15,726 5,755
1972 19,463 4,205 1,109 3,564 21,761 72,866 4,976 15387 6,083
1973 ... 19,407 4,107 1,090 3,359 22,328 74,062 5,242 15514 6,454
1974 ... 18,835 4,063 1.075 3,276 22,435 72,857 5,551 15,821 6,659
Projections

1975 ... 20,380 3,751 1.129 4,551 23,004 73,857 5,711 16,141 6,830
1976 ... 21,000 3.804 1,152 4,780 23,876 74,168 5845 16,051 7,178
1977 21,740 3,539 1,176 4,997 24,689 74,290 5983 16,873 7,509
1978 ... 22,350 3,572 1,197 5,205 25,695 77,196 6,153 16,119 7,825
1979 ..ol 23,090 3.586 1,220 5,426 26,521 78,351 6,283 16,191 8,162
1980 .......cciiinnn. 23,830 3,670 1,243 5,626 27,489 79,126 6,443 16,454 8,467

SOURCE Journal Tracking Survey. King Research. Inc . Center tor Qunatitative Sciences

Tabie 31. N .mber of scholarly S&T

journal sub. criptions: 1960-1980

Table 32. Number of institutional journai
subscriptions as a function of the

RIC

Foreign Institutional Individual  Total :
vear (060 1000) (000) (000) number of scientists and engineers

1960 ..... 1.364 2.253 3,524 7141
1961 ... 1,519 2,461 3.851 7.831 Total Number  Number of
Twne 1.710 2719 4.254 8.683 of Institutional Scientists and
1963 ..... 1.845 2877 4,501 9,223 Subscribers Engineers
1964 ..... 1.984 3.038 4,753 9,775 Year (000) {000)
1965 ..... 2.146 3,227 5.047 10,420 1
1966 | 2311 3411 5336 11058 qaey . 5489 1210
1967 ..... 2.533 3.673 5744 11950 1962 oo 2.719 1.272
1968 2,745 3.909 6.114 12,768 1963 .. 2877 1,346
1969 2.924 4.091 6.399 13414 1964 ... 3.038 1,396
1970 ... 3.116 4210 6584  13.910 1965 ... 3,227 1.442
1971 ... 3.250 4,268 6.675 14,183 1966 ................. 3,411 1,501
1972 ..... 3.337 4.381 6.853 14,571 1967 . 3,673 1,578
1973 ..... 3.436 4,487 7.018 14,941 1968 ... 3,909 1.649
1974 ... 3,857 4,567 7.144 15.268 1969 .. ... 4,091 1,725

Projections 1970 ... 4,210 1,797
1975 ..... 3.780 4,885 7.495 16.160 1971 oo 4,268 1,834
1976 ..... 3.940 5.045 7,725 16,710 1972 4,381 1.871
1977 ... 4,100 5.210 7.970 17.280 1973 o0 4,487 1,923
1978 ..... 4,260 5.376 8214 17.850 1974 47n7 1,973
1979 ..., 4,420 5,550 8.480 18.450 '
1980 ..... 4,590 5721 8.729 19.040 SOURCE King Research. Inc . Center for Quant ative Sciences
SOURCF King Research Inc Genter for Quantitative Sciences
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Table 33. Number of domestic journal
subscriptions as a function of the
number of scientists and engineers

Total Number  Number of
of Domestic  Scientists and

Subscribers Engineers
Year (000) (000)
1960 .....iieiiltn 5,777 1,159
1961 ...t 6.312 1,210
1962 ... i, 6,973 1,272
1963 ... 7,378 1,346
1964 . 7.791 1,396 Table 35. Average institutional, individual,
1965 ... ... 8,274 1,442 and foreign subscription prices in
1966 ........... R 8,747 1,501 current dollars: 1960-1980
1967 ... 9.417 1,578
1668 ......... ... 10,023 1,649
1969 .. 10,480 1,725 Individual ~ Foreign  Institutional
1970 ... 10.794 1,797 Subscription Subscription Subscription
1971 10,943 1,834 Price’ Price’ Price?
13;% --------------- Hggg 13;; Year (Current 8) (Current $) (Current $)
vora LU 1673 1960 ... 527 6.01 7.68
1961 ...... 6.21 6.57 9.30
. S 1962 ...... 8.71 8.48 12.73
SOURCE King Research. Inc. Center for Quantitative Sciences 1963 ... 9.19 8 38 13.25
1964 ...... 9.67 8.39 13.77
1965 ...... 9.68 8.60 14.42
Table 34. Distribution of journal articles 1966 ...... 9.70 9.33 15.07
to scicntists by individual and institutional 1967 ... 10.47 10.39 16.48
¢ bscriptions and reprints: 1960-1980 1968 ...... 11.25 11.66 17.89
1969 ...... 12.67 12.82 19.84
1970 ...... 1410 14.22 21.78
Distribution of Distribution of 1971 ... C15 15.98 23.30
Journal Journal 1972 ... 10.¢0 18.23 24.82
Distribution of  Articles by Articles by 1973 ... . 18.44 20.63 27.20
Journal Articles Institutional Individual 1974 ...... 20.08 21.90 29.57
Year by Reprints  Subscriptions Subscriptions Projections
PR 1975 ...... 19.37 20.74 '29.18
}32? - } }22 ?15 1976 ...... 20.31 21.82 30.60
1982 .. _ 150 e 1977 ...... 21.25 22.90 32.02
1963 .. N 150 234 1978 ...... 22,19 23.98 33.44
1964 .. _ 155 240 1979 ... .. 23.13 25.06 34.86
1965 .. _ 161 252 1980 ...... 24.07 26.14 36.28
1966 .. - 168 263 SOURCES
1967 .. - 175 273 ' King Research. Inc . Center for Quantitative Sciences
1968 7.9 178 278 < Journal Tracking Survey King Research. Inc.. Center for Quantitative
1969 8.0 178 278 Sciences
1970 8.2 178 278
1971 8.6 182 284
1972 8.8 183 286
1973 .. 8.8 182 245
1974 . 8.3 178 20
Projections
1975 8.1 188 289
1976 8.1 192 293
1977 8.1 193 294
1978 8.0 196 299
1979 . 8.0 197 301
1980 7.9 200 306 °
SOURGE King Heaearch, Inc, Cenler tor Quantitative Sciences
¢
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Table 36. Average institutionai, individual, and
foreign subscription prices in constant doltars: 1960-1980

Individual Fereign Institutional
Subscription Subscription Subscription
Price Price Price
(Constant $)* (Constant $)° (Constant $)°
6.00 6.84 8.97
6.98 7.38 10.45
9.68 9.43 14.15
10.08 9.19 14.54
10.45 9.06 14,87
10.27 9.12 15.29
10.01 9.63 15.55
10.47 10.39 16.48
10.82 11.21 17.20
11.62 11.76 18.20
12.26 12.36 18.94
12.85 13.29 19.38
1352 14.67 19.97
14.05 15.72 20.73
13.88 15.14 20.44

Projectione
12.25 13.12 18.46
12.04 12.93 18.14
11.80 12.71 17.78
11.53 12.45 17.37
11.29 12.23 17.02
11.04 11.99 16.65

* GNP Implicit Price Deflator {1975-1980NPA) used to obtain 1967 Constun!

Doltars

SOURCE' King Reseach. Inc. Center for Quantiteuve Sciences Basen on

Tuble 35

Table 37. Institutional subscription price for nine fleids cf science: 1962-1974

1962 1964 1966 1968 1970 1972 1974
Field of Science (Current ) (Current $) (Current $) (Current $) (Current $) {Current $) (Current §)
Physical Sciences ........... 18.62 20.21 21.87 27.10 34.65 53.62 63.17
Mathematics ................ 17.80 19.90 25.38 26.90 32.28 33.34 45.52
Computer Sciences ......... 10.67 14.53 12.36 14.15 19.72 24.75 27.00
Environmental Sciences .. ... 12.65 14.37 16.33 19.22 25.28 30.45 37.61
Engineering ................ 11.13 12.02 16.24 18.88 21.36 24.67 32.40
Life Sciences ............... 13.08 14.16 15.25 19.65 26.20 29.62 34.66
Psychology ................. 10.01 11.64 13.38 14.70 17.93 18.48 2432
Social Sciences ... ... ... 13.36 13.75 13.75 14.96 15.99 16.30 17.53
Other Sciences ............. 730 7.93 9.31 10.85 13.96 16.22 19.56
AllFields ................... 12./3 13.77 15.07 17.89 21.78 24.82 29.57
SOURCE King Research. inc . Center for Quantitative Sciencen
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Tabte 38. Ind scription price for nine fields of science: 1962-1974

1964 1966 1968 1970 1972 1974

Field of Science (Cur (Current 8) (Current §) (Current $) (Current $) (Current §) (Current 8)
Pnysical Sciences ........... 5.72 6.15 8.20 12.43 18.02 29.06 42.12
Mathematics .. ...ooovei... 9.84 .20 11.95 12.58 18.77 26.44 30.04
*.pUter Sciences ... .. 219 10.50 10.60 13.09 16.16 17.01 17.36
monmental Sciences ... .. 9.33 9.93 10.45 13.40 15.40 19.50 18.95
JEEMING oot 9.00 2.89 10.09 13.82 14.55 15.64 16.46
SCIENCES - ovv e 12.04 13.03 12.72 16.74 20.92 24.05 28.97
=5 Lhology e 6.06 6.96 8.39 8.65 11.24 13.88 16.52
Social Sciences ... e 6.10 6.56 6.56 538 6.73 7.83 9.32
Other Sciences ............. 8.28 8.63 8.81 10.01 11.51 13.70 14.73
Average and Al! Fields ...... 8.71 0.67 9.70 11.25 14.10 16.80 20.08

SOURCE Jnurnal Tracking Survey. King Research. Inc . Center for Quantitative Sciences

Tabie 39. Average price per S&T article: 1960-1980 Table 40. Average price per kiloword page: 1960-1980
Average Price Average Price Average Price per Average Price per
per Article per Article Kiloword Page Kiloword Page
Year (Current §) {Constant S)° Year (Current ) (Constant §)*

1960 ........ 0.0742 0.0845 1960 ........ 0.0137 0.0158

1961 ........ 0.0875 0.0983 1961 ........ 0.0162 0.0182

1962 ........ 01226 0.1363 1962 ........ . 0.0227 0.0252

1963 ........ 0.1312 0.1440 1963 ........ 0.0239 0.0262

1964 ........ 0.1363 0.1472 1964 ........ 0.0254 0.0274

1965 ........ 0.1344 0.1426 1965 ........ 0.0248 0.0263

1966 ........ 0.1311 0.1353 1966 ........ 0.0244 0.0252

1967 ........ 0.1396 0.1396 1967 ........ 0.0259 0.0259

1968 ........ 0.1501 0.1443 1968 ........ 0.0276 0.0265

1969 ........ 0.1689 0.1549 1969 ........ 0.0306 0.0281

1970 ........ 0.1855 0.1613 1970 ........ 0.0335 0.0291

1971 ... 0.1980 0.1647 1971 ... ..., 0.0363 0.0302

1972 ... ... 0.2153 0.1733 972 . 0.0403 0.0324

1973 ... ... 0 237 0 1801 1973 0.0440 0.0335

1974 . ... 0 2604 0 1803 1974 . 0.0477 0.0330

Projections Projections

1975 ... 0.2484 0 1571 1975 ... 0.0460 0.0291

1976 ... 0.2571 ' 0.1524 1976 ........ 0.0476 0.0282

1977 L 02691 0.1494 1977 ... 0.0508 0.0282

1978 ..... .. 02774 0.1441 1978 ... 0.0514 0.0267

1979 ........ 0.2891 n 141 1079 L 0.0535 0.0261

1980 .. ... 0.2971 0.1363 S0 Lo 0.0549 0.0252

SN mphct Pace Detiator 1950 108 NP A used to obtdin 1967 Constan? * GNP Imphicit Prce Deflator (1975-1980 NPA) used to ubtaun 1967 Constant

Oositar, Donars

LG e g Besean i Ing Cneten for Quanrt L oe SCeneas SOURGE Keng Rasnarch Inc . Center for Quantitative Sciences
H6
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Table 41. Number of S&T reporis

processed by NTIS: 1965-1980 Table 43. Number of copies sold of
NTIS reports as a function of
number of reports (lagged one year)

S&T Reports
Year Processed

1965 i e e 14,063 Number of
1966 i e 21,747 Copies of NTIS Number of
1967 23,600 Reports Sold Reports
1868 i 24,190 Year (000) (Previous Year)
1OB9 .t e 32,256 1966 ... ... 784 14.063
1070 e e 37,539

1967 .. 761 21,747
171 e 42,830

1968 ...t 802 23,600
1972 49,482

1969 ...iiiiiiiiin 1,122 24,190
978 e e 51,149 .

1970 o 1,584 32,256
1974 o 56,358

1971 e 1,703 37,539
1975 61,100 2'830

Projections* 1972 e 2,091 42,
. 1973 e 2,638 49,482

1976 o e 65.9:.. 197 14
1977 ... 70638 374 2,356 51149
1978 oo 75,347 1975 . vne 2.999 56.358
;ggg ! : ggggg SOURCE National Teshnical information Service. Springtield. Virginia, 1975

* King Research, Inc . Center tor Quantitative SCiences

SOURCE Nua! -nal Techmcal intormation Service. Sprnngfield. Virgmta, 1875

Table 44. Paper copy and microfiche report

Table 42. Number of non-NTIS S&T reports sales at NTIS: 1966-1980
processed by GPO: 1965-1980

_ — Number of Number of
Estimated Number of Microfiche  Paper Copies

Year S&T Reports (Noa-NTIS) Copies Sold

165 748 vear (000) (000)

1966 ... ..o 713 1966 ................. 283 501

967 L .. 1,122 1967 ...t 295 466

1968 ... ...l . 935 1968 ...l 349 453

1969 ... 1.118 1969 ... i 514 608

1970 ... 1.005 1970 ... 869 715

1971 1.090 1971 1,017 686

1972 1.646 1972 1.421 670

1973 2.090 1973 oo 1.941 697

1974 .. 1.961 1974 ..o 1.549 757

Projections 1975 2.332 667

1975 2.084 Projections*

1976 . 2,275 1976 ... e 2.260 768

1977 2.405 1977 .l 2,493 797

1978 2.441 1978 ... L 2717 823

1979 2.510 1979 ... 2,940 850

1980 2.587 1980 ...l 3.164 876

SOURCE g Resoarrh Ine Centar’ Quantitattve Sciences (Study based! * King Research. Ine Center tor Quantitative: Sciences

on sample Gt atems announoed N Coonthly ©ondog of US Governeeny

Pl tdns 196519 74 SOURCE Nauonatl Techmical Information See.ce. Springlieid. Virgsma 1975
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Tabie 47. Average number of copies sold for

Table 45. Price for paper copy and scientiflc and technica) reports published
microfiche reports at NTIS: 1966-1980 by Government Printing Office: 1955-1980
Average Average Copies Sold
Microfiche Paper per GPO
Copy Price Copy Price Year Tachnical Report

Year (Current $) (Current $) 1965 . o 1,209

1966 ... .35 1.55 1966 .. .. 1,371

1967 .. 19 2.38 1967 ot e 1,746

1968 ........ ... 45 2.62 1968 .. e 1.643

1969 ...l .62 3.27 1969 ..t 1,523

1970 ... .38 3.15 1970 ce i e e 1,627

1971 ... .50 3.37 1971 e e 1,778

1972 ... .66 3.71 1972 e 1,909

1973 . .56 4.89 1973 o 1,688

1974 ... .69 5.15 1974 e 1,639
1975 ool .60 5.07 Projections

Projections 1975 o e 1,834

1976 ... 72 5.42 1976 .. .. e e 1,874

1977 ..ol .76 5.76 1977 ... e R 1,914

1978 ... . .79 6.10 1978 ... e 1,954

1979 ... .. .84 6.44 1979 . ... e . 1925

1980 ..o .88 6.78 1980 . ... o e e e . 2,535

SOURCE ung Arsearch, Inc, C.anler ior Quanhitahive Zciences Wite4y ' oed
on sarruie of nems annnuaced in Mcrthiv Catatay of U7 o inment
Db, e T465-1374)

SOURCE King Research. Inc . Center for Quantitutive Scrences

Table 46. Average number of copies solc. s
a function of average price fo- scientifi.
and technical reports sold by NTIS

abi> 48, Price pur page 1ol scienit ¢ ard technical
rcacrts pubiished by ©o seramant Pri-uing Office:

19,5-1974
Average Price Average Number U —— —
per Paper of Paper Price Per
Copy Sold Copies Sold Year Page 'Cents)
Year (Constant %" per Report 1965 o 1
1966 ........ 1.60 356 1966 .. . o N 11
1967 ........ 2.38 21.4 1857 . . e 2.3
1968 .. ...... 2.52 102 196% .. .. e L 0.6
1969 ........ 3.00 25 186C e 0.7
1970 ........ 2.74 D 1970 . ... e e e 0.5
1971 .. ..., . 2.81 18.3 1971 .. Lo ool o e 049
1972 .. . ... 2.98 15.6 1972 e e 0.9
1973 . ... 373 141 1973 oo e e e 2.0
1974 ... 3.56 14.8 1974 e e '8
NP Enphet Prace Tellatdr (1875 1980NFA L Lad toobtain 1967 Constant SOURCE Kinqg Fsearch, Inc, . .nterfivl - o Soence. 1 aty aasned
[S1STENEEN on sampte of rms announced I o . Cataiog ot US Covermment
500 CE King Researan, Inc , Conter for Quantidative Scien: g Publicatons, 13°°-1974)
84 8 ()
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Table 49. Number of published
S&T conference proceedings

Published S&T
Confarence Proce2Jdinys

1,726
1,762
1,948
2121
2,272
2,367
2,419

SOURCE  The Directory of Published Proceedings. Inter Dok Carpuiation
Harrion, New York, 1965-1973

Table 50. The number of U.S. palent applications filed and issued: 1960-1980

Paten Patents Patents Patents

Filed Issued Filed Issued
Year (000) (000) Year (000) (000)
1960 84.5 50.0 1971 .o 1111 31.8
1961 ... 81.2 47.5 1970 o 1053 78.2
1962 ... 853 51.3 1973 .o 109.6 78.6
1963 ........... 85.0 543 1974 ... 108.0 79.9

1964 ........... 87.8 44 4 Projections

1965 ...l 1004 66.6 1975 .. 115.6 85.5
1966 ... 955 719 197G ooeeiiin e 117.8 88.0
1367 ... .. 93.0 £9.1 1977 .ol 120.0 90.6
1968 ... ...... 98.7 32.7 1978 ... 122.2 93.2
1969 ... ..., 107.1 1.2 1979 oo 1245 95.7
1970 ..ol 109.4 68.0 1980 . ... ..... 126.7 98.5

S Ky e2seareh

SOURCE fanen, of the Census, DOC Statistical Abslrac

Conter for Quiantitygieve Scencus

ted Slates. 1960-1974

Table 51. The number of dissertations published
in science and technology 1960-1980

Number of - Numt .1 of
Dissertations Dissortations
Year Published Year Published
1960 .. ... 3.387 1975 ... .. 16.570
1961 ... .. 4119 1972 ... » 16,184
1962 ..... 4.:03 1973 ... 15.594
1963 ... .. 4.816 1974 ... ' .,606
1964 ... ., 6.349 Projections
196 ..... 8.365 1075 16.080
1966 ..... 9.584 1970 ... 10826
1967 ... 1160 1977 ... 17.689
1968 .. ... 12,084 1978 L. 17.905
1969 ..... 14,422 1979 ... 17.758
1970 ..... 15.885 1980 ..... 18.004

CKing Meseareh ing Centor tor Quantaatne Smences

SOMRGE [Dissert o AP
A

St Mot Ut

8

o Iterngtiongd Kerox-Umiveroty Nicrotdn

>
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Table 52. Growth of U.S. sciei..isc and technical literature forms: 1960-1980

Journal Disser- Technical
Year Journals' Articles’ Books? tations? Reports* Patents®
1960 ... .. 1.4¢2 105.932 3,379 3,387 - 50,000
1961 ........ TR 1,520 107,920 5,062 4,119 - 47,500
1962 ... 1,553 109,850 6,153 4,203 - 51,300
198 1.591 111,861 7.411 4,816 - 54,300
1964 .. ... 1,628 115,299 8,871 6.349 - 44,400
1965 . . 1,667 120,461 8,808 8,865 - 66.60C
1966 ............. ... P 1,702 126,349 9,808 9,584 22,460 71,900
1967 ... i 1,752 131,708 8,993 11,601 24,722 69,100
1968 ......... 1,797 135,596 9,613 12,084 25,125 62,700
1969 ... 1.823 137,545 9,645 14,422 33,374 71,200
1970 1,837 140,598 11,659 15,885 38,544 68,000
971 1,856 145,458 12,595 16,570 43,920 81,800
1972 1,887 147,162 13,042 16,184 51,128 78,200
1973 . e 1,919 150,311 13,522 15,594 53,239 78,600
1974 e 1,945 150,572 14,442 15,606 58,319 79,900
Projections*
1975 .. 2013 155,345 14 277 16,080 63,184 85,500
1976 .. 2,013 $78,863 14,753 16,826 68,204 88,000
1977 2,041 161,795 15260 17.689 73,043 90.600
1978 2,074 165,312 15,798 17,505 77,788 93,200
1979 2,106 168.830 16,274 17,758 82,575 95,700
1980 .. .. 2,136 172,348 16,884 18,004 87,353 98,300
C K saegreh dne . Center tor Q aantitative Sciences
SOURCES
Journal Trackig Survey. King Research, Inc . Center 1or Quantitative ‘ National Technical Information Service. Spr,ngfield. Virginia, 1975. 'nd
Serences King Research. Inc . Centerfor Quantitative Sciences. (Study based on sampie
The Bowion Anaual of Library and Book Trade Information, R R Bowker of tems announced n Monthly Catalog ol U.S. Government Publications,
Company 1962-1975 1965-1974)
Drissetaton Abstracts Iaternational, Xerox-University Microfidm. Ann * Bureau of the Census. DOC. Statistical Abstract ol the United States. 1960-
Arbor SMicmigan 1961975 1974
Table 53, Number v’ items per scientist or engineer, by medium: 1960-1980
Journal Disser- Technic *
Books Journals Articles tations Recs Fuents
Year {10-") (18-} (10-9) (10-%) V167 {10-9)
1960 ... 2.92 129 91.40 2.92 . 43 -
1961 4.18 126 89.19 3.40 - e
1962 ... 4.84 122 86.36 3.30 - 40.33
1963 ... 5.51 1.18 83.11 3.58 40.34
1964 L 6.36 1.17 82.59 4.55 21.81
1965 .. ... e 6.11 1.16 83.54 6.15 - 48.1¢
1966 ... o 6.53 1.13 84.18 6.39 15.67 47.90
1967 .. 5.7 1.1 83.47 7.35 15.24 W37
1968 .. T 5.80 1.09 82.23 7.33 19 35 A8 02
1969 .. .. ... 5.59 1.06 79.74 8.36 21.45 41.28
1970 O 6.49 1.02 78.24 884 21.45 37 84
197 6.87 1.01 79.31 9.03 23.95 4160
1972 L 6.97 1.01 78.65 8.65 27.33 R
T3 7.03 1.04 78.16 8.11 27.69 4350
S 732 .99 76.31 7.91 29.56 4C.L2
Projectior
1975 705 .99 76 68 7.94 31.19 42.20
R PP 709 .97 75,0 8.09 32.77 42.29
1977 e 7.12 95 75.68 8.27 34.16 42.38
TG00 e 7.20 .94 75.31 3.16 35.44 42.46
1900 7.22 93 7487 7.27 36.62 42.44
1980 ... 7.30 .92 74 '8 7.72 37.75 42.48

SERCE ke Fe gt dae Conter for Odantitativey Sctenon,

90
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Table 54. S&T communication resource expenditures for composition
and recording, by mudium: 1960-198¢

{Millions of dollars}]

Disser-

Year Jlournals Books Reports tatrons Patents Total
1630 o e e s 204 14 - 5 114 337
1961 ot e e 263 21 - 6 112 403
1962 o e 269 26 - 7 122 424
1963 e 316 33 - 8 126 482
TOBA e s 319 40 - 11 133 503
1965 .. e 357 43 19 16 162 597
1966 vt e e 452 50 31 18 160 711
1967 o e e e 559 49 36 23 167 834
TOE8 . e s 336 54 38 25 186 939
1969 .. 707 58 53 32 215 1,065
1970 o e e e s 794 74 65 37 232 1,202
1971 e e 890 85 78 40 249 1,342
1972 989 92 95 41 247 1,464
1978 o e e 1,143 102 107 43 275 1,670
1974 . e e 1,264 117 125 46 292 1,844

Projections

1975 e 1.400 124 145 51 335 . 2,055
1976 oot i 1,655 138 168 57 366 2,384
1977 o e e 1,855 152 192 64 398 2,660
1978 i e 2,061 166 216 68 429 2,941
1979 L e e 2,285 182 243 72 464 3,245
1980 oot e 2,512 199 271 76 497 3,555

SOURCE King Research. Inc.. Center tor Quantitative Sciences (197.,-1980)

Table 55. Number of copies sold peritem,
by medium: 1960-1980

Table 56. Coples scld per scientist and engineer.
by medium: 1960-1980

Year Books Journals’ Reports Year BOOks Journais' Repo: -
10y v 2,384 ~ 870 60 L. 6.9¢ 4.98 —
1061 ..., ... . 1,657 4,150 - 1961 ........... 7.10 522 —
1962 .. ... 1,419 4,490 — 1962 ........... 6.86 5.48 —
1963 .. ..., 1.082 4,640 - 1963 ........... 5.96 5.48 —
1964 ..... ..... 1.053 4.790 - 1964 ........... 8.70 5.58 —
1965 ........... 1,019 4,960 — 1965 ........... 6.23 5.74 —
1966 ........... 1.029 5,140 78 £ 1966 6.73 5.83 1.18
1967 ........... 1,279 5.380 110.1 1967 ... ... 7.29 5.97 1.72
1968 ........... 1,260 5610 932 1968 ..... 7.35 6.08 1.42
1969 ........... 1,385 5,750 84.6 1969 ....... ... 7.i% 6.08 1.64
1970 ..., 975 5.880 83.6 1970 ........ ... 6.33 6.01 1.79
1871 .. ..., 823 5.900 82.9 1971 5.65 5.97 1.99
1972 ... L. 880 5,950 102.3 1972 ... 6.13 6.0J 2.80
1973 .. ... ... 1,037 6.000 115.9 1973 ... 7.30 5.98 3.21
1974 ... ..., 789 6.020 95.4 1974 ... ... 5.77 5.95 2.82

. Projections Projections
1975 ... 845 6.250 107.9 1975 ... 5.96 6.11 3.37
1976 ........... 914 6.340 106.9 976 ... 5.77 6.14 3.50
1977 783 6,460 108.0 AT 5.58 6.16 3.69
1978 ... 748 6.550 106.8 1978 ...l 5.38 6.19 379
1979 ... .. 718 6,660 106.8 1970 ... 5.18 2 3
1980 ........... 684 c7en e 1940 4499 6.24 ‘02

Domestie journal subscriptions used for calcutations

SOURCE Xing Research. Inc, Center for Quant:t .ive Sciences

* Domeshic journal subscriptions usad tor calculations

SOURGE King Research. Inc, Center tor Quantitative Sciences
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Table 58. Price per copy by medium
in current dollars: 1960-1980

Year Books' Journals: Reports*
1960 ......... . 8.54 5.27
1961 ... ... 8.51 6.21 —
1962 ... 8.84 8.71 -
1963 ........... 10.13 9.1% —
1964 ........... 9.67 9.67 —_
1965 ........... 10.60 9.68 —
1966 ........... 10.86 9.70 1.55
1967 ... 10.81 10 47 2.38
1968 ........... 11.12 11.25 2.62
1969 ........... i1.20 12.67 3.27
Table 57. S&T communication resource 1970 .. ... 13.92 14.10 3.15
expendituras for reproduction and 1971 ... 16.84 15.45 3.37
distribution by medium: 1960-1980 1972 16.45 16.80 3.71
1973 ... 14.20 18.44 4.89
{Mitlions o' oliars] 1974 ... ... 18.43 20.08 5.15
—_— Projections*
Yoar Journals  Books Reports Total 1975 ... 17 89 19.37 5.07
1960 ... ... 88.5 65.8 — 154.3 1976 ... 3.88 20.31 5.42
1961 ..... .. 113.2 696 — 182.8 1977 ... 19.93 21.25 5.76
1062 ........ 171.9 735 — 245.4 1978 ... 21.02 22.19 6.10
1963 . ...... 1892 7. 0.7 267.2 1979 ... .. 22.19 23.13 6.44
1964 ... ... 208.4 ou 0.8 2953 1980 ........... 23.39 24.07 6.78
965 ... ... 227.4 90.7 2.0 320.1
1966 ... ... 249 6 "A4 23 356.3 * ¥ing Research, Inc . Center for Quantitative Scierces
196 ..., 2941 118 4 40 4165 SOURCES
1964 ........ 3421 126 4 3.8 4743 ' The Bowker Annual of Library a.1d Book Trade ' orm-~tiun, Editions 8-20
1960 ... 4003 142.5 4.9 647" 7 Srfécii)()ew‘;/c(;l Cn?;nggrg 1962-1975 Pnce Data 1960-1970 based on Average
197y 4600 150.8 4.7 5.5 s Roo snte tatve Serence wide
1‘371 e e 5123 1664 55 GBA Z suDScr‘vtl‘,;)l<ﬁf\sgz|'cceh;lslt?(éc'.0chzTJ(anral’g;lcell:i?ro‘n(s”a:\% ST:". Vzuier((!ggyvujsmj
1972 ........ 5739 1798 83 Tuo0 for report calculations )
1973 ... 6508 189.7 19 851.4
1974 ... 720.4 200.0 12.4 932.8
Projections Table 59. Price per copy by medium
1975 ... ... 7411 204 © 133 960.0 in constant dollars: 1960-1980
1976 ........ 805.3 2153 15 - 1.037.1
1977 ... ... 8734 226.3 187 1.118.4 —
1978 ........ 944.2 236.6 201 1.2009 Year Books Journals Reporis
1979 ....... 7.0195 2470 225 1.289.0
1980 ... 10970 stz 249 91 1999 b o -
Percent Change L, T ’ ' .
199085 7 @ -0 ogs T S e -
e 70 102 . 135 2 1964 ....... ...  10.45 10.45 —
1970-75 ... 61 183 56 1965 ... ..... 11.24 10 27 -
1975-80 ... 48 25 87 44 1966 ........... 11.15 10,01 1.60
- —_ 1967 ..., 10.81 10.47 2.38
SO K L Reoarch fiyr loantitative Sciem e 1968 .. ..., 10.69 10-82 2'52
1964 10.27 11.61 3.00
QTG 710 10,26 2.74
197Y ... 1401 12.85 2.81
197, AP 13.24 13.52 2.98
1973 ..o 10.82 14.05 3.73
1974 ... ... 12.74 13.88 3.56
Projections
1975 . 11.32 12.25 “1
1976 ... 1119 12.04 o
1977 ... 11.06 11.80
1978 .. ... 10.92 11.53
18979 10 83 11.79 -
980 ... ... 10.73 11.04 i
Y G pnphicsd Price Defiator (19751980 MPA) used to obtain 1967 Constant
Sellars
Sevot g oking Research ing Center for Quantitative Scences Based n
Tt e
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Table 60. Number of U.S. academic, special and public libraries

RIC

Academic’ Special’ Pubhic ARL" Fedoral®
Year Libraries* Libraries® Librirnies: 7Ot Libranies S&T Libranes
1960 2,031 3.972 7,204 13.207 49 -
1961 ... 2,028 4,317 R.487 12,832 49 -
1962 ... 2.024 4,662 5,070 12,456 49 -
1963 ... 2,094 5,020 5998 13,112 72 -
1964 2.163 5.377 6,626 14,166 74 .
1965 ... 2.416 5,542 6,952 14,910 64 508
1966 ... ..o 2,668 5.706 7,278 15,652 64 -
1967 ..o 2,781 5,938 7,346 16.065 70
1968 .. ... 2,894 6,169 7,415 16.478 71 . -
1969 ... 2.931 6.419 7,543 16,893 76
1970 2.968 6.669 7.671 17.308 76
1971 2,846 6.765 7613 17,224 78 .-
1872 2,723 6.861 7,555 17.139 78 a9,
1973 oo 2.705 7.198 7.870 17,773 81
1974 2.636 7.536 8.185 18,407 82
CUniversity College and Janor Coltege Libranes
specal, Law, Medical and Religious Libranes
SOURCE
tIhe Bowker Anngat of Libeary 1od Book Trade Infer aton RR Bowk o
Company, 1961 14975
*AssOaiation o Beearch bibranes Amarca Ary Statistics 1960197,
National Center B Educatianagt * ratishics Seivey of Foderal Litranies 1900
Table 61. U.S. S&T library expenditures in current ~nllars; 1960-1380
[Millions of Dollars)
federal” Total” 58
Acadenvc” [ “&T S&i Research
Year Libranies Lo wnies Libraoigs Lihines Libranes
90U o 79 40 v27 146 55
1961 g2 42 32 166 62
1962 o 1C/ a4 "37 188 59
RN S 124 47 "43 214 o
1964 .. ... 138 52 it 238 87
1965 ... 160 55 53 268 101
1966 ... .. 183 60 ‘64 307 13
1967 ... L 208 69 “76 353 134
1968 ... 0 285 T 88 420 150
0O 292 83 nn 475 166
WrO0 oo 05 92 [N 520 190
B 364 12 "7 588 199
1972 398 i08 133 539 205
m\e 425 123 136 684 “215
19/ 454 132 T153 739 XY
Projections
1975 494 140 170 804 256
1976 . 0 o0 L 521 149 179 19 )
977 . L H56 103 120 904 28T
1978 59 168 200 ahe 315
A9 A £ 208 1.003 336
80 L (35574 0 218 1.057 it
Korug S0y far L aannny
SORIRCE
The M wuer o ! [ ' Corenaboan BUR B LSRR ITRTInY) i Clerter o Quantlateos S e
Company BTt b ) AR . S R VT L T O L
3 N veser Th Cleb \ ey bt s At ' s A ol et ey Crrgnge 0 el et o
A paget S 21
oot g 4 B poretargl e,
ppoment TR S Y]
1 Dty et g vl R A A N
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{Millions of constant 1967 dollars]*

Table 62. U.S. S& T library expenditures in constant doliars: 1960-1980

Federal Total 58
Academic Public S&T S&T Research
Year Libraries Libraries Libraries Libraries Libraries
1960 ... e 90 45 31 166 63
196 104 47 36 187 70
1062 e 118 50 11 209 77
1963 .. 136 52 47 235 84
1964 . 149 56 52 257 94
1965 o e 169 59 56 %4 107
1966 ... 189 62 66 317 117
1967 .. 208 69 76 353 134
1968 .. 245 T4 85 404 144
1969 ... e e 269 76 91 436 152
1970 282 80 90 452 165
L T 307 85 97 489 165
1972 L e 320 87 107 514 165
1973 324 93 104 521 164
1074 e 314 91 106 511 164
Projec.ions

1975 . e 312 89 108 509 162
1976 .. .. e 2309 88 105 503 163
1977 e 309 88 105 502 159
1078 e 307 87 194 498 164
1979 an? B8R 102 490 164
19860 299 85 100 485 164

© G Laphieat Prce Deftator (1975-1980NPA) used to obtain 1967 Consiant
[T

T Keng Aewnarch Ine
5

Conter for Gunatitative Scuences Based on

Table 65. S&T library expenditures per
scientist or engineer. 1960-1980

Expenditures
per Scientist

ar (Constant §)
1960 ... 110
1961 .. 117
COB2 123
1968 26
1964 ... 128
1965 .. e 133
1966 ... e 1)
1967 ... 145
1968 ... 159
1969 .. 163
1970 160
197 172
1972 e 175
1978 e 171
1974 164
Projections
1975 165
1976 .. e 164
1977 164
1978 . 163
1979 e 164
1980 ..o 164

SOURCE King Research Inc . Center for Quantitative Sornnes

9
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Table 64. U.S. S&T library material expenditures in current doflars: 1960-1980

{Millions of dollars]

Total
Public Federal S&T Academic S&T Material
Year Libraries' Libraries? Libraries? Expenditures*
1960 ... ...l 6 6 24 36
1961 ... ...l 7 7 28 41
1962 ...l 7 8 33 48
1953 ... 7 10 41 58
1964 T 7 11 45 63
1965 ... 7 12 56 75
1966 ..o il 9 15 67 91
1967 ...l 10 17 78 105
1968 ..., 12 20 94 126
1969 ... ...l 14 23 107 144
1970 ... 18 24 115 56
1971 .. 18 27 124 169
1972 o 21 31 130 182
1973 . 21 31 142 193
1974 ... 22 35 153 210
Projections

1375 25 38 157 Qo
1976 ... L. 27 41 166 233
1977 ’9 43 175 247
1978 . 1 47 184 261
1977 L . 33 49 193 275
1980 ... ...l 35 52 . 202 289
SOURMES

Thi Bowker Anttsal of Library and Book Trade information, R 8 Bowker Company. 1971, 1974, 197¢

Golthor, Herbert “The tndices of Amer zan Pubhc Library Statistics.” Apnl 1975 (Unpublishe
Papser)

Viannes, P N et ai. Report of the Ad {oc Group Fedora! Agency Obhigatior s for Managemant,
Prossing and Transtor of Scientific and v ~ehnical information. Data. and Tech:.dingy. F1scat ¥ears

196t 773, Vol i
K- Research. Ing . Cector ter Quantitative Sciences
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Table 65. U.S. S&T library material expenditures in onstant dollars: 1960-1980

[Millions of constant 19~ dollars]*

Total S&T

Public Federal S&T Academic Material
Library Libraries Libraries Libraries Expenditures
60 ... 7 7 28 41
1961 ... i 8 32 46
1962 8 9 36 53
1965 .. .. o 8 11 45 64
e 8 12 49 68
1965 . 8 13 59 80
1966 ... 9 15 69 94
1967 .. 10 17 78 105
1968 .. L. 11 14 91 121
1969 ...l 13 21 98 132
1970 ..., 16 21 100 136
a9rr . N} 22 103 141
1a72 | e 17 25 105 146
1973 . 16 24 108 147
19794 o 16 24 106 145
Projections
1977 . 16 24 100 139
1976 o 16 24 98 138
1977 . 16 24 97 137
1978 16 24 96 136
1979 oL . 16 24 94 134
R 16 24 93 132
GNP e Poce Dedlaton | B TR0 NPA CSdtoobtinn 1967 Corstant
[STRTNTZS

SUABICE meg Besoanch [nge Center tor Guantitative Scrences Based on

Tanlend

Table 66. U.S. S&T library service expenditures: 1960-1980

[Millions of dollars]

Service Service
Expenditures Expenditures
Year iCurrent Dollars) (Constant Doliars)®
1960 ... .. 125
L R 125 141
ol oL 140 156
1963 ... ... .. 156 171
1984 L 175 189
1965 ... . 193 204
1966 .. ... .. 216 3
1967 ... .. 248 248
1968 ...... .. 294 283
1969 ...... .. 331 304
1970 ...... .. 364 316
1971 . L. 419 343
1072 oL 457 38R
........ 491
529 366
Projections
1975 o 584 370
LN - T 616 365
977 .. . 657 365
1978 .. ... 697 362
1979 .. ... 728 356
Tuk o Lo 768 353
IR e e [ o HATHOTASONE A LGt T : stant

RUE g g & e Dar e g gttt e He eeneey

i
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Table 67. Nun' »r of item processed by U.S.

national tedueation of abstratcing and
indexing services members: 1960-1980

{Thousands|
Year lterns
1960 ... .. 588
1961 L 676
1962 .. ... 713
1963 ... 756
1964 795
1964 884
1960 . 986
1967 . 996
1968 .. ... .0 L 1,135
A 1226
............................ 1257
1,376
Y908 1,449
TO73 1.402
Q74 1,443
Proiections
1975 .0 L L 1,590
1076 1.650
L 1.720
1978 .0 o 1.790
1979 0 1,800
1980 . 1,92u
TR Hesearer ne entoe o Quantitabive Scienaces
SOURCE Natenal © scdartien Abstracting aned e feaong Momber
Servea tar sty Fe, CTSSandg 1975
Table 68. cslimated cost of urganization and
control of the S&T literature in
current dollars: 1960-1980
[Mithons of dollars]
A&l Service Library Total
Year Co~vs Costs Costs
1960 oal 37 58
1961 ... 20 42 67
1962 27 47 74
1963 20 52 a1
1961 32 58 a0
1965 a7 64 101
1964 47 72 1
Ty SN 83 A
1RY bR 93 152
199 a2 110 172
1970 " 121 138
A 140) 8
LN 3 162 23
1973 39 144 253
1674 a7 G S8
Projections
1975 10 T 307
10976 To. 25 327
199, 134 219 403
FRY Y 140 O iTo
1974 150 EER qud
1480 1 256 429
N . B

Table 69. Estimated cost of organization
and controi of the S&T literature in
constant doliars: 1960-1380

[Millions of constant 1967 dollars)*

A&l Service Library Total

Year Costs Costs osts
1960 ........ 24 42 66
1961 .. ...... 28 47 75
1962 ........ 30 52 82
1963 32 57 a9
1964 .. ...... 35 63 98
1965 ........ 39 68 107
1966 ...... 44 74 118
1967 ... .. 45 83 18
1968 ........ 52 94 405
1969 57 101 158
970 ... 58 105 163
W7 L 65 116 181
1972 ... ... 70 122 192
1973 ..., 68 125 193
1974 .. ... 67 122 189

Projections
1975 ... .. 71 123 194
1976 ..... 72 122 194
1977 ... .. 74 122 196
1978 ........ 76 121 196
1979 77 119 196
1980 79 117 197
CTGNTImphL b o[ TA8CNF o Laed tanntyn
Do
SOURCE kg Besisgire e Center {or Quarttative Hoeere o Hoopnt An
Fante 64
g
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Table 71. Cost of composition and recording
in current and constant doltars: 1960-1980

{Mithons of dollars)

Cost Jost”
Y edi (Current §) (Cunsturnt §)
! 337 384
403 473
......... 424 wil
.............. 482 529
503 543
597 633
Pt 1 734
L B34 834
PG 59 903
TN 1.065 977
370 oo 1.202 1.045
o 1.342 1,116
1972 oo 1.464 1.178
1972 0. o 1,670 1.273
1974 1.844 1,275
Projections
1970 2.055 1.300
1976 2.384 1.413
1977 2.660 1.477
1976 o 2.941 1.528
199 3.245 1,584
1080 ... 3,555 1.631
BRI AN ' e Dt e TR0 NP ysed 0 bt 1307 Constaat
oy
JURCE Feoer Blosogr b T oo fop Gantitative Seieonces
B13

90

Table 72. /.ticle identification methods

Diect Indiroct Total
Identif:« ations Ildentifications Identifications

Yoar {000 000) (000)
1973 .. 720 872 1.722
1974 783 899 1,806
1975 .. 335 831 1,819

SURSE  Anthoe Su vey, King Roasarch Ine Ceotor for Quantitative

IR ANEEN

Table 73. Percent of total article
identifications made by direct
article identification methcds

Library  Preprint.  Individual  Direct
Subscription Reprint Subscriptions  Total
Year (%) (%) (%) (%)
1973 .. : 12 21 42
1974 .. 8 13 22 43
*975 7 14 25 46

SO ¢ Author Survey. Kog Researcn, Inc, Center for Quantitative
S ey

Table 74. Percent of total articie
idenfications made by indirect
article identitication methods

Article,
Book or
Abstract  Colleagues”  Report  Indirect
Index fioterence Reference  Total
Year { ) {Y%) (o) (%n)
1972 9 15 27 51
974 8 14 27 50
197¢ . 7 11 29 46
SOUREGCE Avthor Sarle, miog Research ine Centee far Cintitatee
.



Table 75. Article identification by field of science

Environ-
Physical Mathe- Computer mental Engi- Life Psy- Social Other
Sciences matics Sciences Sciences neering Sciences chology Sciences Sciences
(%) (%) (%) (%) (%) (%) (%) (%) (%)
Direct identifications
Subscription Copy .... 20.7 14.0 40.8 28.3 29.5 36.2 30.3 69.0 39.7
Preprint or Rerrint ... 14.7 18.7 20.1 27.0 17.9 13.8 12.3 .3 10.3
Indirect dentifications
Colleague Reference .. 17.1 24.4 .5 27.7 16.5 12.6 23.0 12.3 8.8
Article, Book or Report
Reference .......... 37.1 429 21.1 17.0 19.4 33.3 26.6 12.3 41.2
Abstract, Index ....... 19.8 0.0 2.8 0.0 16.6 4.0 7.6 6.0 6.0
SOURCE King Research. inc . Center t0r Quantitative Sciencus
Table 77. Estimated totai cost of assimilation
of S&T literature: 1960-1980
[Millions of dollars]
Table 76. Relative use of sources of Year Books  Journals Reports Total
access to cited articles, by R
year of citing article :gg? ““““ gg; sgg . 1 gg;
[Thousands of articles cited, 3-year moving average) ng ““““ g?g ggg : :;gg
. ; 1964 ........ 444 887 - 1,331
Year of Citing Article 1965 ........ 493 986 . 1.479
Source of 1973 1974 1975 :ggs ........ 232 1092 ga 1222
: P D B~ @ Lt '
Access Articles Articles Articles 1968 .. 663 1325 a8 2.026
Library ......... 732.6 791.4 783.2 1969 ........ 740 1,480 58 2,278
Publisher ....... 386.1 455.2 526.7 1970 ........ 814 1,628 70 2,512
Colleague/ 1971 ..., 875 1,750 84 2,709
Office ........ 206.6 202.1 156.5 1972 ........ 932 1,863 125 2,920
Author ......... 316.7 325.8 277.5 1973 ........ 1,033 2,066 159 3,258
1974 ........ 1,143 2,285 156 3,584
SOURCE Author Survey. King Research. Inc. Center for Quantitative Pro]ecﬂons
Sciences , 1975 ........ 1,264 2.528 205 3,997
1976 ........ 1,398 2,796 235 4,430
1977 ........ 1,540 3,079 273 4,892
1978 ........ 1,679 3,358 306 5,343
1979 ........ 1,833 3,666 345 5,344
1980 ........ 1,985 3,970 384 6,338

SOURCE: King Research. Inc., Center for Quantitative Sciences.
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